PREPARATION AND USE OF SINGLE-STRANDED TRANSCRIPTION 
SUBSTRATES FOR SYNTHESIS OF TRANSCRIPTION PRODUCTS 
CORRESPONDING TO TARGET SEQUENCES 

CROSS-REFERENCE TO RELATED APPLICATION 

[0001] This application is a Continuation in Part of U.S. Patent Application No. 

10/53,219, which claims priority to U.S. Provisional Patent Application Serial No. 60/292,845, 
filed May 22, 2001. This application also claims priority to U.S. Provisional Patent Application 
Serial No. 60/428,013, filed November 21, 2002. The entire disclosure of all referenced priority 
applications is specifically incorporated herein by reference. 

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR 

DEVELOPMENT 

[0002] The government may own rights in the present invention pursuant to grant 

number ROl Al 12575 fi-om the National Institute of Health. 

FIELD OF THE INVENTION 

[0003] The present invention relates generally to methods, compositions and kits for 

using an RNA polymerase for making transcription products corresponding to a target sequence 
by obtaining single-stranded DNA transcription substrates that comprise a single-stranded 
promoter that is operably joined to a single-stranded target sequence. The invention has broad 
applicability for research, diagnostic and therapeutic applications, such as preparing cDNA 
corresponding to fiiU-length mRNA, making sense or anti-sense probes, detecting gene- or 
organism-specific sequences, cloning, cell signaling or making RNA for use in RNAi. 

BACKGROUND OF THE INVENTION 

Description of Related Art 

[0004] Transcription of DNA into mRNA is regulated by the promoter region of the 

DNA. The promoter region contains a sequence of bases that signals RNA polymerase to 
associate with the DNA, and to initiate the transcription of mRNA using one of the DNA strands 
as a template to make a corresponding complementary strand of RNA. RNA polymerases fi"om 
different species typically recognize promoter regions comprised of different sequences. In 
order to express a protein-encoding gene in a host cell, either the promoter driving transcription 
of the protein-encoding gene must be recognized by a host RNA polymerase, or an RNA 
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polymerase which recognizes the promoter driving transcription of the protein-encoding gene 
must be provided to the host cell (U.S. Pat. No. 6,218,145). 

[0005] There are many reasons for which it is beneficial to obtain cDNA and transcribe 

one or more target nucleic acid sequences. For example, in vitro transcription is frequently used 
in methods to make probes corresponding to mRNA sequences in samples in order to profile the 
expression of genes in cells of a particular type versus another type or versus a similar type in 
response to different conditions or stimuli. Contemporary gene expression profiling is typically 
performed by simultaneously hybridizing labeled probes prepared from one or more samples to 
arrays or microarrays having sequences for up to hundreds or thousands of different genes 
attached to a surface. Li some cases, the expression or lack of expression of particular genes 
may correlate with or be indicative of the presence or status of a disease state, such as, but not 
limited to, a cancer. 

[0006] Examples of methods that involve in vitro transcription for making probes for 

gene expression profiling are described in: Murakawa et al., DNA 7:287-295, 1988; Phillips and 
Eberwine, Methods in Enzvmol. Suppl. 10:283-288, 1996; Ginsberg et al.. Arm. Neurol. 45:174- 
181, 1999; Ginsberg et al., Ann. Neurol. 48:77-87, 2000; VanGelder et al., Proc. Natl. Acad. Sci. 
USA 87:1663-1667, 1990; Eberwine et al.. Proc. Natl. Acad. Sci. USA 89:3010-3014, 1992; 
U.S. Patent Nos, 5,021,335; 5,168,038; 5,545,522; 5,514,545; 5,716,785; 5,891,636; 5,958,688; 
6,291,170; and PCT Patent Applications WO 00/75356 and WO 02/065093. 
[0007] Still other methods use in vitro transcription as part of a process for amplifying 

and detecting one or more target nucleic acid sequences in order to detect the presence of a 
pathogen, such as a viral or microbial pathogen, that is a causative agent for a disease or to 
detect a gene sequence that is related to a disease or the status of a disease for medical purposes. 
Examples of methods that use in vitro transcription for this purpose include U.S. Patent Nos. 
5,130,238; 5,194,370; 5,399,491; 5,409,818; 5,437,990; 5,466,586; 5,554,517; 5,665,545; 
6,063,603; 6,090,591; 6,100,024; 6.410.276: Kwoh et al., Proc. Natl. Acad. Sci. USA 86:1 173. 
1989; Fahy et al. In: PGR Methods and Applications, pp. 25-33, 1991 ; PCT Patent AppHcation 
Nos. WO 89/06700 and WO 91/18155; and European Patent Application Nos. 0427073 A2 and 
0427074 A2. 

[0008] Most DNA-dependent RNA polymerases read double-stranded DNA, limiting 

RNA synthesis to systems in which a double-stranded DNA template is available. The synthesis 
of RNA using single-stranded DNA is not as common. All of the methods referenced above for 
making probes for gene expression profiling or for amplifying and detecting one or more target 
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nucleic acid sequences require, at a minimum, the use of a double-stranded transcription 
promoter, and in most cases, also require the use of a double-stranded DNA as a template. 
Synthesizing RNA using a single-stranded DNA template immobilized on a solid support is 
described in U.S. Pat. No. 5,700,667, but transcription of the single-stranded template still 
required formation of a double-stranded promoter region for binding of the RNA polymerase. 
[0009] In contrast to the methods in the art, the present invention provides methods, 

compositions and kits for transcription of target nucleic acid sequences using RNA polymerases 
that bind single-stranded DNA promoters and read single-stranded DNA templates. 

BRIEF SUMMARY OF THE INVENTION 

[0010] The invention provides methods of use for a various novel deletion mutants of 

bacteriophage N4-coded, virion RNA polymerases (mini-vRNAPs) and compositions and kits 
therefore. The novel polymerases are described by an isolated nucleic acid comprising a region 
encoding a polypeptide having the amino sequence set forth in SEQ ID NO:2, SEQ ID NO:4, 
SEQ ID NO:6, SEQ ED NO:8 or SEQ ID NO:15. The nucleic acid may comprise the nucleic 
acid sequence of SEQ ID NO:l, SEQ ID NO:3, SEQ ID NO:5, SEQ ID NO:7 or SEQ ID 
NO: 14. The vRNAP and mini-vRNA polymerase transcribe nucleic acid operatively linked to 
an N4 promoter such as a P2 promoter of SEQ ID NO:16, SEQ ID NO:19, SEQ ID NO:27, SEQ 
ID NO:28 or SEQ ID NO:29. The promoter of SEQ ID NO: 16 or SEQ ID NO:28 is preferred. 
[001 1] The current invention can use a polypeptide encoded by an isolated 

polynucleotide comprising a sequence identical or complementary to at least 14 contiguous 
nucleotides of SEQ ED NO: 1 . The polynucleotide may comprise at least 20, 25, 30, 35, 40, 45, 
50, 60, 75, 100, 150, 200, 250, 300, 400, 600, 800, 1000, 2000, 3000, 3300 or more contiguous 
nucleotides of SEQ ID NO: 1 . The polynucleotide may comprise all contiguous nucleotides of 
SEQ ID NO:3 or all contiguous nucleotides of SEQ ID NO:l. Similarly, the polynucleotide may 
comprise at least 20, 25, 30, 35, 40, 45, 50, 60, 75, 100, 150, 200, 250, 300, 400, 600, 800, 1000, 
2000, 3000, 3300 or more nucleotides complementary to at least 20, 25, 30, 35, 40, 45, 50, 60, 
75, 100, 150, 200, 250, 300, 400, 600, 800, 1000, 2000, 3000, 3300 or more contiguous 
nucleotides of SEQ ID NO: 1 . 

[0012] A purified N4 virion RNA polymerase of the current invention can comprise at 

least 20 contiguous amino acids of SEQ ID NO:2. It is preferred that the polymerase contain at 
least 25, 30, 35, 40, 45, 50, 60, 75, 100, 150, 200, 250, 300, 400, 600, 800, 1000 or more 
contiguous amino acids of SEQ ID NO:2. 
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[001 3] In another aspect, the current invention can use a polypeptide encoded by an 

isolated nucleic acid comprising a region encoding at least 6 contiguous amino acids of SEQ ID 
NO:2, wherein the polypeptide has RNA polymerase activity under appropriate reaction 
conditions. It is preferred that this polypeptide comprises at least 10, 15, 20, 25, 30, 35, 40, 45, 
50, 60, 75, 100, 150, 200, 250, 300, 400, 600, 800, 1000 or more contiguous amino acids of SEQ 
ID NO:2, SEQ ID NO:4, SEQ ID NO:6, SEQ ID NO:8, or SEQ ID NO: 15. The encoded 
polypeptide may have at least one hexahistidine tag or other tag, or the encoded polypeptide may 
lack a tag. The polypeptide may be a mutant of the peptide found in SEQ ID NO:2 or SEQ ID 
NO:4, such as an enzyme possessing an amino acid substitution at position Y678. 
[0014] An embodiment of the current invention comprises a method of making RNA. 

This method comprises: (a) obtaining a N4 virion RNA polymerase (i.e. the polypeptide); (b) 
obtaining DNA wherein the DNA preferably contains a N4 virion RNA polymerase promoter 
sequence; (c) admixing the RNA polymerase and the DNA; and (d) culturing the RNA 
polymerase and the DNA under conditions effective to allow RNA synthesis. Optionally, the 
method may comprise synthesizing polynucleotides containing modified ribonucleotides or 
deoxyribonucleotides. The DNA is preferably single-stranded DNA or denatured double- 
stranded DNA. Step (c) may occur in a host cell such as an E, coli host cell. 
[001 5] The amino acid sequence of the RNA polymerase is preferably the sequence 

essentially as set forth in SEQ ID NO:2, SEQ ID N0:4, SEQ ID NO:6, SEQ ID NO:8, SEQ ID 
NO: 1 5, or a mutant form of the polymerase of SEQ ID NO:4 or SEQ ID NO:6. The mutation 
may be, for example, at position number Y678. The RNA transcript may contain derivatized 
nucleotides. 

[001 6] An aspect of the current invention comprises using an N4 vRNAP promoter to 

direct transcription. The promoter is preferentially an N4 promoter set forth in SEQ ID NO: 16, 
SEQ ID NO: 19, SEQ ID NO:20, SEQ ID NO:27, SEQ ID NO:28 or SEQ ID NO:29. The P2 
promoter of SEQ ED NO: 16 or SEQ ID NO:28 is preferred. The promoter sequence may be 
upstream of the transcription initiation site. The promoter may comprise a set of inverted 
repeats forming a hairpin with a 2-7 base pair long stem and 3-5 base loop having purines in the 
central and/or next to the central position of the loop. 

[001 7] The preferred conditions of the transcription method claimed herein includes a 

pH in step (c) of between 6 and 9, with a pH of between 7.5 and 8.5 more preferred. Mg^^ or 
Mn^^, preferably Mg^^ may be admixed. Preferred temperatures for the reaction are 25° C to 
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50** C with the range of 30"* C to 45° C being more preferred and the range of 32'' C to 42'' C 
being most preferred. The admixing may occur in vivo or in vitro. 

[001 8] An aspect of the current invention also includes translation of the RNA after 

transcription. A reporter gene such as an a-peptide of /3-galactosidase may be used. It is 
preferred the transcription comprises admixing an E, coli single-stranded binding protein 
(EcoSSB), a SSB protein homologous to EcoSSB or another naturally occurring or chimeric 
SSB protein homologous to EcoSSB with the polymerase and DNA. Yet another aspect of the 
current invention is the transcription method in which no EcoSSB is admixed with the RNA 
polymerase and DNA; the product of this method is a DNA/RNA hybrid, 
[001 9] The DNA admixed with the RNA polymerase of the current invention may be 

single-stranded linear DNA or single-stranded circular DNA such as bacteriophage Ml 3 DNA. 
The DNA may be denatured DNA, such as single-stranded, double-stranded linear or double- 
stranded circular denatiu*ed DNA. The DNA may also be double-stranded DNA under certain 
conditions. The RNA may be pure RNA or may contain modified nucleotides. Mixed RNA- 
DNA oUgonucleotides may also be synthesized with the Y678F mutant mini-vRNAP (SEQ ED 
NO: 8) of the current invention. 

[0020] The synthesized RNA may comprise a detectable label such as a fluorescent tag, 

biotin, digoxigenin, 2'-fluoro nucleoside triphosphate, or a radiolabel such as a ^^S- or ^^P-label. 
The sjoithesized RNA may be adapted for use as a probe for blotting experiments or in-situ 
hybridization. Nucleoside triphosphates (NTPs) or derivatized NTPs may be incorporated into 
the RNA, and may optionally have a detectable label. Deoxynucleoside triphosphates may be 
incorporated into the RNA. 

[0021 ] The RNA may be adapted for use for NMR structural determination. Short 

RNAs such as those between 10 and 1000 bases or between 10 and 300 bases may be used. The 
RNA may be adapted for use in spliceosome assembly, splicing reactions or for antisense or 
RNA interference experiments. Also, the RNA may be adapted for use in probing for a 
complementary nucleotide sequence or for use as a probe in RNase protection studies. 
[0022] Yet another aspect of the current invention comprises delivering RNA into a cell 

after transcription of the RNA. The delivery may be by microinjection, transfection, 
electroporation, or other methods in the art. Another aspect of the invention comprises 
amplifying the RNA after transcription. 

[0023] Another embodiment of the current invention comprises a method of making 

RNA comprising: (a) obtaining a N4 virion RNA polymerase; (b) obtaining a single-stranded 
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DNA oligonucleotide wherein the oligonucleotide contains a N4 virion RNA polymerase 
promoter sequence; (c) admixing the RNA polymerase and the oligonucleotide; and (d) 
culturing the RNA polymerase and the oligonucleotide under conditions effective to allow RNA 
synthesis. The polymerase preferentially has the amino sequence set forth in SEQ ID NO:4, 
SEQ ID NO:6 or SEQ ID NO:8. In this embodiment, it is preferred that the DNA has between 
20 and 200 bases. 

[0024] Yet another embodiment of the invention comprises a method of making RNA 

comprising: (a) obtaining a N4 virion RNA polymerase; (b) obtaining a single-stranded DNA 
wherein the DNA contains a N4 virion RNA polymerase promoter sequence; (c) obtaining a 
ribonucleoside triphosphate (XTP) or a derivatized ribonucleoside triphosphate; (d) admixing 
the RNA polymerase, the DNA and the XTP; and (e) culturing the RNA polymerase and the 
oligonucleotide imder conditions effective to allow RNA synthesis wherein the RNA is a 
derivatized RNA. The RNA polymerase preferentially has the amino sequence set forth in SEQ 
ID NO:4 or SEQ ID NO:6 or a mutant of the polymerase of SEQ ID NO:4 or SEQ ID NO:6, 
such as a mutant with a mutation at position number Y678 or the polymerase of SEQ ID NO:8. 
[0025] Another embodiment of the invention comprises a method for making 

transcription product corresponding to a target nucleic acid sequence, the method comprising: 
(a) obtaining an RNA polymerase that can transcribe RNA using a single-stranded promoter; (b) 
obtaining a single-stranded DNA wherein the single-stranded DNA comprises a target nucleic 
sequence that is present in or complementary to at least a portion of a target nucleic acid in a 
sample; (c) obtaining a ssDNA transcription substrate by operably joining to the single-stranded 
DNA a single-stranded promoter sequence that binds the RNA polymerase; (d) obtaining 
nucleoside triphosphates (NTPs) that are substrates for the RNA polymerase and that are 
complementary to the canonical nucleic acid bases; (e) admixing the RNA polymerase, the 
ssDNA transcription substrate and the NTPs; and (f) incubating the RNA polymerase and the 
ssDNA transcription substrate under conditions effective to allow synthesis of transcription 
product. The RNA polymerase preferentially has the amino sequence set forth in SEQ ID NO:4 
or SEQ ID NO:6 or a mutant of the polymerase of SEQ ID NO:4 or SEQ ID NO:6, such as a 
mutant with a mutation at position number Y678 or the polymerase of SEQ ID NO:8. 
[0026] Yet another embodiment of the invention comprises a method for obtaining 

additional rounds of synthesis of transcription product corresponding to a target nucleic acid 
sequence, the method comprising: (a) obtaining an RNA polymerase that can transcribe RNA 
using a single-stranded promoter; (b) obtaining a first transcription product by transcription of a 
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first ssDNA transcription substrate corresponding to a target nucleic acid sequence; (c) obtaining 
a reverse transcriptase; (d) reverse transcribing the first transcription product; (e) obtaining first- 
strand cDNA complementary to the first transcription product; (f) obtaining a second ssDNA 
transcription substrate by operably joining to the first-strand cDNA a single-stranded promoter 
sequence that binds the RNA polymerase; (g) admixing the RNA polymerase and the second 
ssDNA transcription substrate; and (e) incubating the RNA polymerase and the second ssDNA 
transcription substrate under conditions effective to allow synthesis of a second transcription 
product. This method for obtaining additional rounds of synthesis of transcription product can 
be repeated to obtain synthesis of still more transcription products. The RNA polymerase 
preferentially has the amino sequence set forth in SEQ ID NO:4, SEQ ID NO:6 or SEQ ID 
NO:8. 

[0027] Another embodiment of the invention comprises a method for in vivo or in vitro 

protein synthesis comprising: (a) obtaining an RNA polymerase having the amino sequence set 
forth in SEQ ID NO:4, SEQ ID NO:6 or a mutant thereof; (b) obtaining DNA wherein the DNA 
contains a N4 virion RNA polymerase promoter sequence; (c) admixing the RNA polymerase 
and the DNA; (d) culturing the RNA polymerase and the DNA imder conditions effective to 
allow RNA synthesis; and (e) culturing the RNA in vivo or in vitro under conditions effective to 
allow protein synthesis. Step (e) may comprise using a two plasmid system or a one plasmid 
system in which a reporter gene and the RNA polymerase gene are located on the same plasmid. 
[0028] Another embodiment of the invention provides for a method that comprises a target 
nucleic acid sequence compriseing a 3 '-portion that encodes a first sequence, a 5 '-portion that 
encodes a second sequence that is complementary to the first sequence, and a middle portion that 
joins the 3 'portion and the 5 'portion, wherein the middle portion comprises a sequence that is 
not complementary to either the 3 '-portion or the 5 'portion and wherein the transcription 
product comprises a hairpin RNA corresponding to a target nucleic acid sequence in a target 
nucleic acid, wherein the hairpin RNA is SiRNA has RNA interference activity in a cell. 
[0029] Another embodiment of the invention provides for a method of cloning a target nucleic 
acid, the method comprising: 

a) obtaining a single-stranded DNA wherein the single-stranded DNA comprises a 
target nucleic acid sequence that is present in or complementary to the target 
nucleic acid; 

b) joining to the single-stranded DNA a single-stranded polynucleotide comprising a 
single-stranded origin of replication and a marker gene; 
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c) making a circular ssDNA molecule by covalently joining the 3 '-end and the 5'- 
end of the product of step (b); 

d) transforming the circular ssDNA molecule into a host cell, in which the marker 
gene is expressible, wherein the host cell is capable of replicating the circular 
ssDNA molecule; and 

e) growing the host cell under conditions that support the expression of the marker 
gene. 



[0030] Still another embodiment of the invention provides for a method for detecting an 

analyte in a sample, the method comprising: 

a) obtaining a transcription signaling system comprising a ssDNA comprising: 

i) a promoter sequence that binds an RNA polymerase that can transcribe 
RNA using a single-stranded promoter, and 

ii) a signal sequence that is operably joined to the promoter sequence; 

b) joining the transcription signaling system to an analyte-binding substance; 

c) contacting the analyte-binding substance to which the transcription signaling 
system is joined with a sample under conditions effective to allow binding of an 
analyte to the analyte-binding substance and forming a specific binding pair; 

d) removing the specific binding pair fi-om the sample; 

e) incubating the specific-binding pair with an RNA polymerase that can transcribe 
RNA using a single-stranded promoter under conditions effective to allow 
synthesis of a transcription product; and 

f) detecting the transcription product. 



[0031] Unless otherwise defined, all technical and scientific terms used herein have the 

same meaning as commonly understood by one of ordinary skill in the art to which this 
invention belongs. Although suitable methods and materials for the practice or testing of the 
present invention are described below, other methods and materials similar or equivalent to 
those described herein, which are well known in the art, can also be used. 
[0032] Other objects, advantages and features of the present invention will become 

apparent firom the following specification taken in conjunction with the accompanying drawings. 
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BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 

[0033] The following drawings form part of the present specification and are included to 

further demonstrate certain aspects of the present invention. The invention may be better 
understood by reference to one or more of these drawings in combination with the detailed 
description of specific embodiments presented herein. 

[0034] FIG. 1— Bacteriophage N4 vRNAP promoters on single-stranded templates. 

These promoters are characterized by conserved sequences and a 5 bp stem, 3 base loop hairpin 
structure. 

[0035] FIG. 2A and FIG. 2B--N4 vRNAP and generation of mini-vRNAP. FIG. 2A 

shows a schematic of the N4 vRNAP protein with three motifs: the T/DxxGR motif foimd in 
DNA-dependent polymerases, the P-loop, an ATP/GTP-binding motif present in some 
nucleotide-binding proteins, and motif B (RX3KX6.7YG), one of three motifs common to the Pol I 
and Pol aDNA polymerases and the T7-like RNA polymerases. FIG. 2B shows the mini- 
vRNAP. 

[0036] FIG. 3A and FIG. 3B— Identification of the minimal transcriptionally active 

domain of N4 vRNAP by proteolytic cleavage. FIG. 3 A, SDS-PAGE analysis of the products of 
vRNAP digestion with trypsin. FIG. 3B N-terminal sequencing of the three initial proteolytic 
fragments indicated that the stable active polypeptide (mini-vRNAP) corresponds to the middle 
1/3 of vRNAP, the region containing the three motifs described in FIG. 2 A. 
[0037] FIG. 4~ORFs for fiiU length polymerase, mini-vRNAP and mutants thereof were 

cloned under pBAD control with an N-terminal hexahistidine tag. In other experiments, ORFs 
for mini-vRNAP and the Y678F mutant thereof, both of which lacked an N-terminal 
hexahistidine tag, were cloned in E, coli under pT7 control in cells which inducibly express T7 
RNAP; the polypeptides obtained showed similar activities to the polypeptides with 
hexahistidine tags shown in this figure, 

[0038] FIG. 5-Purification of cloned vRNAP and mini-vRNAP. The left hand side 

shows the relative amounts of fiill size and mini-vRNAP proteins purified on TALON columns 
from the same volume of induced cells. Further concentration on a monoQ column reveals that, 
in contrast to fiiU size vRNAP, mini-vRNAP is stable after induction (right). 
[0039] FIG. 6~ Activation of N4 vRNAP transcription by EcoSSB at three different 

ssDNA concentrations. The extent of EcoSSB activation is template-concentration dependent, 
with highest activation at low DNA template concentration. 
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[0040] FIG. 7A, FIG. 7B, FIG. 7C, and FIG. TD-Effect of EcoSSB on ssDNA template 

recycling. In the absence of EcoSSB, no increase in transcription was observed beyond 10 min 
of incubation (FIG. 7 A). Addition of template at 20 min to the reaction carried out in the 
absence of EcoSSB led to a dramatic increase in RNA synthesis (FIG. 7B). RNA synthesis 
increased linearly throughout the period of incubation (FIG. 7C). Addition of EcoSSB at 20 min 
led to a slow rate of transcriptional recovery (FIG. 7D). 

[0041] FIG. 8-Effect of EcoSSB on the state of template DNA and product RNA in 

vRNAP transcription. Native gel electrophoresis was carried out in the absence and in the 
presence of EcoSSB. Transcription was performed at an intermediate (5 nM) DNA 
concentration, at which only a 2-fold effect of EcoSSB is observed. Either ^^P-labeled template 
(right panel) or labeled NTPs (left panel) were used to analyze the state of the template (right 
panel) or RNA product (left panel) in the absence or presence of EcoSSB. 
[0042] FIG. 9A, FIG. 9B, and FIG. 9C-Transcription initiation by vRNAP and mini- 

vRNAP. The initiation properties of the fiiU length and mini-vRNA polymerases were 
compared at similar molar concentrations (FIG. 9A) using the catalytic autolabeling assay and 
two reaction conditions: using a template containing +1C, the benzaldehyde derivative of GTP 
and a-'^^P-ATP, or a template containing H-IT, the benzaldehyde derivative of ATP and o^^P- 
GTP. Comparison of the results in FIGS. 9B and 9C demonstrates that mini-vRNAP exhibits 
initiation properties similar to full size vRNAP. 

[0043] FIG. lO-Effect of EcoSSB on transcription of vRNAP and mini-vRNAP. The 

elongation and termination properties of vRNAP and mini-vRNAP are compared. 
[0044] FIG. 1 1 A and FIG. 1 IB— Determination of mini-vRNAP promoter contacts. A 

20-base oligonucleotide containing wild type promoter P2 sequence binds with a 1 nM Kd (FIG. 
1 1 A). Most oligonucleotides substituted with 5-Iodo-dU at specific positions showed close to 
wild type affinity except for the oligonucleotides substituted at positions -11 (at the center of the 
loop) and -8, indicating that these positions are essential for promoter recognition (FIG. 1 IB). 
UV crosslinking indicates that mini-vRNAP primarily contacts the -11 position. 
[0045] FIG. 12— Binding affinities of stem-length promoter mutants. Wild type 

promoter P2 with a 5 bp stem has a Kd of 1 nM (top). The stem was shortened by removal of 3' 
bases (left). The stem can be shortened by two base pairs without change in the binding affinity. 
The effect of lengthening the stem by addition of 3' bases is shown (right). The stem can be 
lengthened by two base pairs without change in the binding affinity. 
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[0046] FIG. 13 A and FIG. 13B— Identification of the transcription start site by catalytic 

autolabeling. A series of templates were constructed with a single C placed at different 
distances from the center of the hairpin (position -11) by addition or deletion of the tract of As 
present at promoter P2 (FIG. 13 A). The affinity of mini-vRNAP for these promoters was 
measured by filter binding, and transcription initiation was measured by catalytic autolabeling of 
mini-vRNAP. All templates showed similar binding affinities. However, only the template with 
a C positioned 12 bases downstream from the center of the hairpin was able to support 
transcription initiation (FIG. 13B). 

[0047] FIG. 14— UV crosslinking of mutant mini-vRNAPases to promoter 

oligonucleotides. Two mutants (K670A and Y678F) were tested for their ability to bind to wild 
type promoters. Both mutant RNA pol3anerases boxmd to promoter DNA with wild type 
affinities and crosslinked to 5-Iodo-dU substituted P2 DNA templates at positions -11 and +3 as 
well as the wild type enzyme, indicating that these polymerase mutations do not affect promoter 
binding. 

[0048] FIG. 15--Run-off transcription by mutant mini-vRNAPases. The wild type and 

Y678F (SEQ ID N0:8) enzymes displayed similar activities at both template excess and 
template-limiting conditions, while the K670A enzyme exhibited decreased activity under both 
conditions. Under limiting template conditions, all three enzymes were activated by EcoSSB 
(right panel). However, the Y678F enzyme showed reduced discrimination between 
incorporation of ribo- and deoxyribonucleoside triphosphates. 

[0049] FIG. 16~Mutant mini-vRNAPases in transcription initiation. The initiation 

properties of the three enzymes were compared using catalytic autolabeling. The K670A 
enzyme displays significantly reduced activity with the GTP derivative. The Y678F enzyme, in 
contrast to wild type polymerase, incorporates dATP as efficiently as rATP in a single round of 
phosphodiester bond formation. 

[0050] FIG. 17A, FIG. 17B, and FIG. 17C-Detection of m vivo activities of N4 vRNAP 

and mini-vRNAP. Transcription of jS-galactosidase o-peptide by fill size and mini-vRNAP was 
assayed on inducing-Xgal media (FIG. 17 A). Plasmid (pACYC) templates were constructed 
with a reporter gene (a-peptide of jS-galactosidase) under the control of vRNAP promoter P2 
cloned in either of two orientations (FIG. 17B). Induction of mini-vRNAP led to production and 
accumulation of detectable levels of the protein, whereas full-length vRNAP was degraded (FIG. 
17C). 
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[0051] FIG. 18— Schematic of an embodiment of the invention for obtaining a ssDNA 

transcription substrate using a promoter spUce template ohgo. 

[0052] FIG. 19~Schematic of an embodiment of a continuous transcription assay of the 

invention that utilizes a promoter splice template oligo and a blocker oligo. 
[0053] FIG. 20— Schematic of an embodiment of the invention for obtaining a ssDNA 

transcription substrate using a promoter ligation oligo. 

[0054] FIG. 21— Schematic of an embodiment of a continuous transcription assay that 

uses a promoter ligation oligo and a blocker oligo. 

[0055] FIG. 22— Embodiments of the invention for obtaining both circular and linear 

ssDNA transcription substrates using a promoter primer. 

[0056] FIG. 23— Schematic of an embodiment of a continuous transcription assay that 

uses a promoter primer that also comprises transcription termination sequences to generate a 
circular ssDNA transcription substrate. 

[0057] FIG. 24— Embodiment that uses a promoter primer comprising an anti-sense 

sequence of an N4 vRNAP promoter to make a circular anti-sense-promoter-containing first- 
strand cDNA that serves as a template for rolling circle replication, thereby synthesizing a linear 
second-strand ssDNA transcription substrate which can be used to synthesize more RNA. 

DETAILED DESCRIPTION OF THE INVENTION 

[0058] Methods are provided for using various deletion mutants of bacteriophage N4- 

coded, virion RNA polymerases (mini-vRNAPs), which have been developed, cloned and 
expressed in E. coli, and purified in active form. In the presence of E, coli SSB protein, mini- 
vRNAPs efficiently transcribe single-stranded DNA (ssDNA) transcription substrates that 
comprise a single-stranded DNA target sequence as a template if the template is operably joined 
to a sequence comprising a single-stranded 17-base promoter. The enzymes efficiently 
incorporate derivatized nucleoside triphosphates, and a specific amino acid mutant of mini- 
vRNAP (Y678F) also incorporates other nucleotides, such as 2 -deoxynucleoside triphosphates, 
with greater efficiency. Methods, compositions and kits are provided for making ssDNA 
transcription substrates for synthesis of transcription products corresponding to a target sequence 
and for obtaining additional rounds of transcription by using transcription products synthesized 
in earlier rounds for obtaining additional ssDNA transcription substrates. Methods are provided 
for obtaining replicable clones, including expression clones, of target sequences by using oligos 
comprising a single-stranded origin of replication and a sequence encoding a selectable or 
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screenable marker for obtaining circular ssDNA, which is used to transform a host cell. Other 
methods are provided for obtaining signaling systems for analytes by using mini-vRNAP to 
transcribe ssDNA comprising a promoter and a signal sequence, which ssDNA is joined to an 
analyte-binding substance. 

DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS 

[0059] The present invention relates to novel methods, compositions, and kits for 

synthesizing RNA corresponding to one or multiple target nucleic acid sequences in or from a 
sample. The target sequence can comprise at least a portion of one or more target nucleic acids 
comprising either RNA or DNA from any source. By way of example, but not of limitation, the 
target nucleic acid sequences that are transcribed using a method of the invention can comprise 
first-strand cDNA corresponding to from one to substantially all mRNA molecules in a sample. 
Altematively, the target nucleic acid sequence that is transcribed using a method of the invention 
can comprise a specific sequence in genomic DNA of a particular organism. The present 
invention overcomes deficiencies in the art by providing a stable RNA polymerase that uses 
single-stranded DNA transcription substrate that comprises both a sense promoter and a 
template for transcription and provides a xmique system to synthesize RNAs of a desired 
sequence. Thus, in contrast to other methods currently used in the art, the methods of the 
present invention do not require synthesis of double-stranded DNA, use of a proto-promoter, or 
anneahng of a promoter-complementary oligonucleotide for transcription. The RNA 
polymerase and mini-vRNA polymerase can be used to synthesize RNA for use as probes for 
expression studies using arrays or microarrays or in RNase protection studies of DNAs or 
RNAs, in situ hybridization studies, and in Southem and Northem blot analysis, for the synthesis 
of defined RNA:DNA hybrids, for NMR stmcture determination of RNAs, for in vitro studies of 
spliceosome assembly, splicing reactions and antisense or RNA interference experiments, for in 
vitro translation or microinjection, and for nucleic acid amplification. The present invention 
allows for the synthesis of derivatized RNA and can use ssDNA in the form of single-stranded 
oligonucleotides, denatured DNA or DNA cloned into Ml 3 templates. 

1. RNA Polvmerases 

a. Structure and Promoter Recognition of DNA-Dependent RNA Polvmerases 

[0060] Inspection of the sequences of phage, archaebacterial, eubacterial, eukaryotic and 

viral DNA-dependent RNA polymerases has revealed the existence of two enzyme families. 
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The eubacterial, eukaryotic, archaebacterial, chloroplast and the vaccinia virus RNA 
polymerases are complex multisubimit enzymes (5-14 subimits) composed of two large subunits, 
one to several subunits of intermediate molecular weight (30-50-kDa) and none to several 
subunits of small molecular weight (<30-kDa) (Archambault and Friesen, Microbiol. Rev. 
57:703-724, 1993: Record et al.. Cell and Molecular Biology 1:792-821, 1995. Eubacterial 
RNA polymerases are the simplest with an aj^lS' core structure. Sequence comparison of the 
genes coding for the different subunits of these enzymes has revealed: 1 -sequence homology in 
eight segments (A to H) between jS' and the largest subunit of other RNA polymerases, 2- 
sequence homology in nine segments (A to I) between jS and the next largest subunit of other 
RNA polymerases, 3-sequence homology in 3 segments (1.1, 1.2 and 2) between a and a subunit 
in RNA polymerases I, II and III (Puhler, et al., Proc. Natl. Acad. Sci. USA 86:4569-4573, 1989; 
Sweetsen et al., Proc, Natl. Acad. Sci. USA 84:1 192-1 196, 1987). Not surprisingly, the crystal 
structures of yeast RNAP II and E, coli RNAP core revealed remarkable similarities (Zhang, et 
al.. Cell 98:81 1-824, 1999; Cramer, et al., Sciencexpress, www.sciencexpress.org. 19 April, 
2001). 

[0061] In contrast, members of the phage T7-like (T3, SP6) family of RNA polymerases 

consist of a single (--100 kDa) polypeptide which catalyzes all functions required for accurate 
transcription (Cheetham, et al., Curr. Op. In Struc. Biol. 10:117-123, 2000). The heterodimeric 
bacteriophage N4 RNAP II, nuclear-coded mitochondrial, and Arabidopsis chloroplast RNA 
polymerases show sequence similarity to the phage RNA polymerases (Cermakian, et al., Nuc. 
Acids Res. 24:648-654, 1996; Hedtke, M al., Sdence 277:809-81 1, 1997; Zehring, et al., L BioL 
Chem. 258:8074-8080, 1983). Three sequence motifs -A and C, which contain the two aspartic 
acids required for catalysis, and motif B- are conserved in polymerases that use DNA as a 
template (Delarue, et al.. Protein Engineering 3:461-467, 1990). The crystal structure of T7 
RNAP resembles a "cupped right hand" with "palm," "fingers" and "thumb" subdomains (Sousa, 
et al.. Nature 364:593-599, 1993). The two catalytic aspartates are present in the "palm" of the 
structure. This structure is shared by the polymerase domains of E, coli DNA polymerase I and 
HIV reverse transcriptase (Sousa, Trends in Biochem. Sci. 2 1 : 1 86- 1 90, 1 996). Genetic, 
biochemical and structural information indicates that T7 RNA polymerase contains additional 
structures dedicated to nascent RNA binding, promoter recognition, dsDNA unwinding and 
RNA:DNA hybrid unwinding (Cheetham, et al., Curr. Op. In Struc. Biol. 10: 1 17-123, 2000; 
Sousa. Trends in Biochem. Sci. 21:186-190. 1996). 
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[0062] Both Class I and Class n RNA polymerases recognize specific sequences, called 

promoters, on B form double-stranded DNA. Eubacterial promoters (except those recognized 
by a^^) are characterized by two regions of sequence homology: the -10 and the -35 hexamers 
(Gross, et al.. Cold Spring Harbor Svmp. Quant, BioL 63:141-156, 1998). Specificity of 
promoter recognition is conferred to the core enzyme by the a subimit, which makes specific 
interactions with the -10 and -35 sequences through two distinct DNA binding domains (Gross, 
et al.. Cold Spring Harbor Svmp. Quant. Biol. 63:141-156, 1998). This modular promoter 
structure is also present at the promoters for eukaryotic RNA polymerases I, II and III. 
Transcription factors TFIIIA and TFIIIC direct recognition of RNAP III to two separate 
sequences (boxes A and C, separated by defined spacing) at the 5S gene promoter, while 
transcription factors TFIIIB and TFIIIC direct recognition of this enzyme to blocks A and B, 
separated by variable distance (3 1 -74 bp) at the tRNA promoters (Paule, et al., Nuc. Acids Res. 
28:1283-1298, 2000). Sequences important for RNAP I transcription initiation at the human 
rRNA promoters are also restricted to two regions: the "core" region located at -40 to +1 and the 
"upstream" region present at -160 to -107 (Paule, et al., Nuc. Acids Res. 28: 1283-1298, 2000). 
Assembly of the initiation complex at RNAP n promoters requires several general transcription 
factors (TFIIA, TFIIB, TFIID, TFIIE, TFIIF and TFIIH). Recognition involves three core 
elements: the TATA box located at position -30 and recognized by TBP, the initiator element 
located near -1, and the downstream promoter element near +30 (Roeder, Trends Biochem. Sci. 
21:327-335, 1996). 

[0063] Promoters for the T7-like and mitochondrial RNAPases are simpler. The T7-type 

RNAP promoters span a continuous highly conserved 23 bp region extending from position -17 
to +6 relative to the start site of transcription (+1) (Rong, et al., Proc. Natl. Acad. Sci. USA 
95:515-519, 1998). The yeast mitochondrial RNAP promoters are even smaller, extending from 
-8 to +1 (Shadel, et al., L Biol. Chem. 268:16083-16086, 1993). One exception are the 
promoters for N4 RNAP II, which are restricted to two blocks of conserved sequence: a/tTTTA 
at +1 and AAGACCTG present 18-26 bp upstream of +1 (Abravaya, et al., L MoL Biol. 
211:359-372, 1990). 

[0064] The activity of the multisubunit class of RNA polymerases is enhanced by 

activators at weak promoters. Transcription activators generally bind at specific sites on double- 
stranded DNA upstream of the -35 region (with the exception of the T4 sliding clamp activator), 
or at large distances in the cases of enhancers (Sanders, et al., EMBO Journal 16:3124-3132, 
1997). Activators modulate transcription by increasing the binding (formation of closed 
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complex) or isomerization (formation of open complex) steps of transcription through 
interactions with the a or a subunits of RNAP (Hochschild, et al., CeU 92:597-600, 1998). An 
exception is N4SSB, the activator of E. coli RNAPa^^ at the bacteriophage N4 late promoters, 
which activates transcription through direct interactions with the jS* subimit of RNAP in the 
absence of DNA binding (Miller, et al., Science 275:1655-1657, 1997). 

[0065] Proteins that bind to ssDNAs with high affinity but without sequence specificity 

have been purified and characterized from several prokaryotes, eukaryotes, and their viruses 
(Chase, et al., Ann. Rev. Biochem. 55:130-136, 1986). These proteins (SSBs), which are 
required for replication, recombination and repair, bind stoichiometrically and, in many cases, 
cooperatively to ssDNA to cover the transient single-stranded regions of DNA that normally 
arise in vivo as a result of replication, repair and recombination. Binding to DNA results in the 
removal of hairpin structures found on ssDNA, providing an extended conformation for proteins 
involved in DNA metabolism. Several lines of evidence suggest that single-stranded DNA 
binding proteins play a more dynamic role in cellular processes. Genetic and biochemical 
evidence indicates that these proteins are involved in a multitude of protein-protein interactions 
including transcription activation (Rothman-Denes, et al.. Genes Devepmnt. 12:2782-2790, 
1999). 

b. The Bacteriophage N4 Virion RNA Polvmerase 

[0066] Bacteriophage N4 virion RNA polymerase (N4 vRNAP) is present in N4 virions 

and is injected into the E. coli cell at the beginning of infection, where it is responsible for 
transcription of the N4 early genes (Falco, et al., Proc. Natl. Acad. Sci. (USA) 74:520-523, 
1977; Falco,etM., Virology 95:454-465, 1979; Malone, etal.. Virology 162:328-336, 1988). 
The N4 vRNAP gene maps to the late region of the N4 genome (Zivin, et al., J. Mol. Biol. 
152:335-356, 1981). N4 vRNAP purified from virions is composed of a single polypeptide with 
an apparent molecular mass of approximately 320,000 kDa (Falco, et al., Biol. Chem. 255:4339- 
4347, 1980). In contrast to other DNA-dependent RNAPases, N4 vRNAP recognizes promoters 
on single-stranded templates (Falco, et d., Proc. Natl. Acad. Sci. (TJSA^ 75:3220-3224, 1978). 
These promoters are characterized by conserved sequences and a 5 bp stem, 3 base loop hairpin 
structure (FIG. 1) (Haynes, et al.. Cell 41 :597-605, 1985; Glucksmann, et al-, CeU 70:491-500, 
1992). In vivo, E. coli gyrase and single-stranded binding protein are required for transcription 
by N4 vRNAP (Falco, et al., L Biol. Chem. 255:4339-4347, 1 980; Markiewicz, et al.. Genes and 
Dev, 6:2010-2019, 1992). 
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[0067] Sequencing of the N4 vRNAP gene revealed an ORF coding for a protein 3,500 

amino acids in length (SEQ ID NO: 1-2). Inspection of the sequence revealed no extensive 
homology to either the multisubunit or the T7-like families of RNA polymerases. However, 
three motifs are present (FIG. 2A): the T/DxxGR motif found in DNA-dependent polymerases, 
and Motif B (RX3KX6-7YG), one of three motifs common to the Pol I and Pol aDNA 
polymerases and the T7-like RNA polymerases. 

c. Transcription Using N4 vRNAP 

[0068] RNA synthesis requires RNA polymerase, a DNA template, an activated 

precursor (the ribonucleoside triphosphates ATP, GTP, UTP and CTP (XTP)), and divalent 
metal ions such as Mg"*"^ or Mn"*"^. The metal ion Mg^^ is strongly preferred. Synthesis of RNA 
begins at the promoter site on the DNA. This site contains a sequence which the RNA 
polymerase recognizes and binds. The RNA synthesis proceeds xmtil a termination site is 
reached. N4 vRNAP termination signals comprise a hairpin loop that forms in the newly 
synthesized RNA which is followed by a string of uracils (poly U). The sequence of the 
terminator signals for vRNAP present in the N4 genome include SEQ ID NOS:21-26. These N4 
vRNAP termination signals possess all of the characteristics of eubacterial sequence-dependent 
terminators. The ribonucleoside triphosphate may be derivatized with, for example, biotin. 
Derivatized XTPs can be used for the preparation of derivatized RNA. Exemplary methods for 
making derivatized XTPs are disclosed in detail in Rashtchian et al., "Nonradioactive Labeling 
and Detection of Biomolecules," C. Kessler, Ed., Springer- Verlag, New York, pp. 70-84, 1992, 
herein incorporated by reference. 

[0069] Single-stranded DNA of varying lengths can be used as a template for RNA 

synthesis using the N4 vRNAP or mini-vRNAP, Oligonucleotides and polynucleotides of 
intermediate length may be used. One particular single-stranded DNA that may be used is Ml 3 
DNA. Ml 3 genomic DNA exists temporarily inside infected E. coli cells as a double-stranded 
DNA plasmid and is packaged as a small, single-stranded circular DNA into phage particles. 
Ml 3 phage particles are secreted by an infected cell and single-stranded DNA can be purified 
from these particles for use as a transcription template. Initially Ml 3 phage vectors required a 
working knowledge of phage biology and were primarily used for creating single-strand DNA 
molecules for DNA sequencing. M13-derived cloning vectors called "phagemids" take 
advantage of Ml 3 replication to produce single- strand molecules, but can be propagated as 
conventional ColEl -based replicating double-strand plasmids. 
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[0070] EcoSSB is essential for N4 vRNAP transcription in vivo (Falco et al., Proc. Natl. 

Acad. Sci. (USA) 75:3220-3224, 1978; Glucksmann, et al.. Cell 70:491-500, 1992, herein 
incorporated by reference). EcoSSB is a specific activator of N4 vRNAP on single-stranded and 
supercoiled double-stranded DNA templates. EcoSSB, unlike other SSBs, does not melt the N4 
vRNAP promoter hairpin structure (Glucksmann-Kuis, et al-, Cell 84:147-154, 1996). EcoSSB 
has a high specificity for N4 vRNAP and mini-vRNAP resulting fi-om EcoSSB*s ability to 
stabilize the template-strand hairpin, whereas the nontemplate strand hairpin is destabilized. 
Other single-stranded DNA binding proteins destabilize the template-strand hairpin 
(Glucksmann-Kuis, et al., CeU 84:147-154, 1996; Dai et al.. Genes Devepmnt. 12:2782-2790, 
1998). EcoSSB mediates template recycling during transcription by N4 vRNAP (Davidova, EK 
and Rothman-Denes, LB, Proc. Natl. Acad. Sci. USA 100:9250-9255, 2003, incorporated herein 
by reference). When EcoSSB is not used in N4 vRNAP transcription in vitro, a DNA:RNA 
hybrid is formed, preventing template reutilization. 

II. Genes and DNA Segments 

[0071 ] Important aspects of the present invention concern isolated DNA segments and 

recombinant vectors encoding N4 vRNAP or more particularly mini-vRNAP or a mutant of 
mini-vRNAP and the creation and use of recombinant host cells through the application of DNA 
technology, that express a wild type, polymorphic or mutant vRNAP. Other aspects of the 
present invention concern isolated nucleic acid segments and recombinant vectors encoding 
vRNAP. Sequences of SEQ ID NO:l, 3, 5, 7, 14 and biologically functional equivalents thereof 
are used in the current invention. Single-stranded DNA oligonucleotides and polynucleotides 
can be used as DNA templates. 

[0072] The present invention concems isolated nucleic acid segments that are capable of 

expressing a protein, polypeptide or peptide that has RNA polymerase activity. As used herein, 
the term "nucleic acid segment" refers to a nucleic acid molecule that has been isolated free of 
total genomic DNA of a particular species. Therefore, a nucleic acid segment encoding vRNAP 
refers to a nucleic acid segment that contains wild-type, polymorphic or mutant vRNAP coding 
sequences yet is isolated away from, or purified free from, total bacterial or N4 phage genomic 
DNA. Included within the term "nucleic acid segment," are nucleic acid segments and smaller 
fragments of such segments, and also recombinant vectors, including, for example, plasmids, 
cosmids, phage, viruses, and the like. 
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[0073] Similarly, a nucleic acid segment comprising an isolated or purified vRNAP gene 

refers to a nucleic acid segment including vRNAP protein, polypeptide or peptide coding 
sequences and, in certain aspects, regulatory sequences, isolated substantially away from other 
naturally occurring genes or protein encoding sequences. In this respect, the term "gene" is used 
for simplicity to refer to a functional protein, polypeptide or peptide encoding unit. As will be 
understood by those of skill in the art, this functional term includes both genomic sequences, 
cDNA sequences and engineered segments that express, or may be adapted to express, proteins, 
polypeptides, domains, peptides, vRNAPs and mutants of vRNAP encoding sequences. 
[0074] "Isolated substantially away from other coding sequences" means that the gene of 

interest, in this case the vRNAP, or more particularly mini-vRNAP genes, forms the significant 
part of the coding region of the nucleic acid segment, and that the nucleic acid segment does not 
contain large portions of naturally-occurring coding DNA, such as large chromosomal fragments 
or other functional genes or cDNA coding regions. Of course, this refers to the DNA segment as 
originally isolated, and does not exclude genes or coding regions later added to the segment by 
the hand of man. 

[0075] The term "a sequence essentially as set forth in SEQ ID NO:2 means, for 

example, that the sequence substantially corresponds to a portion of SEQ ID NO:2 and has 
relatively few amino acids that are not identical to, or a biologically functional equivalent of, the 
amino acids of SEQ ID NO:2. This appHes with respect to all peptide and protein sequences 
herein, such as those of SEQ ID NO:4, 6, 8 and 15. 

[0076] The term "biologically functional equivalent" is well xmderstood in the art and is 

further defined in detail herein. Accordingly, sequences that have about 30%, 31%, 32%, 33%, 
34%, 35%, 36%, 37%, 38%, 39%, 40%, 41%, 42%, 43%, 44%, 45%, 46%, 47%, 48%, 49%, 
50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%, 59%, 60%, 61%, 62%, 63%, 64%, 65%, 
66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 
82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 
98%, or about 99%, and any range derivable therein, such as, for example, about 70% to about 
80%, and more preferably about 81% and about 90%; or even more preferably, between about 
91% and about 99%; of amino acids that are identical or functionally equivalent to the amino 
acids of SEQ ID NO:2 will be sequences that are "essentially as set forth in SEQ ID NO:2," 
provided the biological activity of the protein is maintained. In particular embodiments, the 
biological activity of a vRNAP protein, polypeptide or peptide, or a biologically functional 
equivalent, comprises transcription. A preferred transcriptional activity that may be possessed 
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by a vRNAP protein, polypeptide or peptide, or a biologically functional equivalent, is RNA 
synthesis using single-stranded N4 vRNAP promoter-containing DNA as a template. 
[0077] In certain other embodiments, the invention concerns isolated nucleic acid 

segments and recombinant vectors that include within their sequence a nucleic acid sequence 
essentially as set forth in SEQ ID NO:l. The term "essentially as set forth in SEQ ID NO:l is 
used in the same sense as described above and means that the nucleic acid sequence 
substantially corresponds to a portion of SEQ ID NO:l and has relatively few codons that are 
not identical, or functionally equivalent, to the codons of SEQ ID NO: 1 . Again, nucleic acid 
segments that encode proteins, polypeptide or peptides exhibiting RNAP activity will be most 
preferred. 

[0078] The term "functionally equivalent codon" is used herein to refer to codons that 

encode the same amino acid, such as the six codons for arginine and serine, and also refers to 
codons that encode biologically equivalent amino acids. For optimization of expression of 
vRNAP in human cells, the following codons are used, with preference of use from left to right: 
Alanine Ala A GCC GCT GCA GCG; Cysteine Cys C TGC TGT; Aspartic acid Asp D GAG 
GAT; Glutamic acid Glu E GAG GAA; Phenylalanine Phe F TTC TTT; Glycine Gly G GGC 
GGG GGA GGT; Histidine His H CAC CAT; Isoleucine He I ATC ATT ATA; Lysine Lys K 
AAG AAA; Leucine Leu L CTG CTC TTG CTT CTA TTA; Methionine Met M ATG; 
Asparagine Asn N AAC AAT; Proline Pro P CCC CCT CCA CCG; Glutamine Ghi Q CAG 
CAA; Arginine Arg R CGC AGG CGG AGA CGA CGT; Serine Ser S AGC TCC TCT AGT 
TCA TCG; Threonine Thr T ACC ACA ACT ACG; Valine Val V GTG GTC GTT GTA; 
Tryptophan Trp W TGG; Tyrosine Tyr Y TAC TAT. Thus, the most preferred codon for 
alanine is "GCC," and the least is "GCG." Codon usage for various organisms and organelles 
can be found at the website http://www.kazusa.or.jp/codon/, incorporated herein by reference, 
allowing one of skill in the art to optimize codon usage for expression in various organisms 
using the disclosures herein. Thus, it is contemplated that codon usage may be optimized for 
other animals, as well as other organisms such as a prokaryote (e.g., an eubacteria), an archaea, 
an eukaryote (e.g., a protist, a plant, a fungus, an animal), a virus and the like, as well as 
organelles that contain nucleic acids, such as mitochondria or chloroplasts, based on the 
preferred codon usage as would be known to those of ordinary skill in the art. 
[0079] It will also be understood that amino acid and nucleic acid sequences may include 

additional residues, such as additional N- or C-terminal amino acids or 5* or 3* sequences, and 
yet still be essentially as set forth in one of the sequences disclosed herein, so long as the 
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sequence meets the criteria set forth above, including the maintenance of biological protein, 
polypeptide or peptide activity. The addition of terminal sequences particularly applies to 
nucleic acid sequences that may, for example, include various non-coding sequences flanking 
either of the 5* or 3* portions of the coding region or may include various internal sequences, i.e., 
introns, which are known to occur within genes. 

[0080] Excepting intronic or flanking regions, and allowing for the degeneracy of the 

genetic code, sequences that have about 30%, 31%, 32%, 33%, 34%, 35%, 36%, 37%>, 38%, 
39%, 40%, 41%, 42%, 43%, 44%, 45%, 46%, 47%, 48%, 49%, 50%, 51%, 52%, 53%, 54%, 
55%, 56%, 57%, 58%, 59%, 60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 
71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or about 99%, and any 
range derivable therein, such as, for example, about 50% to about 80%, and more preferably 
about 81% and about 90%; or even more preferably, between about 91% and about 99%; of 
nucleotides that are identical to the nucleotides of SEQ ID NOcl will be sequences that are 
"essentially as set forth in SEQ ID NO: 1 

a. Nucleic Acid Hybridization 

[0081] The nucleic acid sequences disclosed herein also have a variety of uses. 

Contiguous sequences from vRNAP nucleic acid sequences can be used, for example, as 
templates to synthesize vRNAP. 

[0082] Naturally, the present invention also encompasses DNA segments that are 

complementary, or essentially complementary, to the sequence set forth in SEQ ID NO:l, 3, 5, 7 
and 14. Nucleic acid sequences that are "complementary" are those that are capable of base- 
pairing according to the standard Watson-Crick complementary rules. As used herein, the term 
"complementary sequences" means nucleic acid sequences that are complementary, as may be 
assessed by the same nucleotide comparison set forth above, or as defined as being capable of 
hybridizing to the nucleic acid segment of SEQ ID NO:l imder stringent conditions such as 
those described herein. 

[0083] As used herein, a "DNA/RNA hybrid" is understood to mean that a single strand 

of RNA is hybridized to a single strand of DNA. 

[0084] The term "appropriate reaction conditions" as described herein mean that 

temperature, pH, buffer, and other parameters are adjusted to optimize the reaction rate and 
yield. 
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[0085] As used herein, "hybridization," "hybridizes" or "capable of hybridizing" is 

understood to mean the forming of a double or triple stranded molecule or a molecule with 
partial double or triple stranded nature. The term "hybridization," "hybridize(s)" or "capable of 
hybridizing" encompasses the terms "stringent condition(s)" or "high stringency" and the terms 
"low stringency" or "low stringency condition(s)." 

[0086] As used herein "stringent condition(s)" or "high stringency" are those conditions 

that allow hybridization between or within one or more nucleic acid strand(s) containing 
complementary sequence(s), but precludes hybridization of random sequences. Stringent 
conditions tolerate little, if any, mismatch between a nucleic acid and a target strand. Such 
conditions are well known to those of ordinary skill in the art, and are preferred for applications 
requiring high selectivity. Non-limiting applications include isolating a nucleic acid, such as a 
gene or a nucleic acid segment thereof, or detecting at least one specific mRNA transcript or a 
nucleic acid segment thereof, and the like. 

[0087] Stringent conditions may comprise low salt and/or high temperature conditions, 

such as provided by about 0.02 M to about 0.15 M NaCl at temperatures of about 50° C to about 
70*^ C. It is understood that the temperature and ionic strength of a desired stringency are 
determined in part by the length of the particular nucleic acid(s), the length and nucleobase 
content of the target sequence(s), the charge composition of the nucleic acid(s), and to the 
presence or concentration of formamide, tetramethylammonium chloride or other solvent(s) in a 
hybridization mixture. 

[0088] It is also understood that these ranges, compositions and conditions for 

hybridization are mentioned by way of non-limiting examples only, and that the desired 
stringency for a particular hybridization reaction is often determined empirically by comparison 
to one or more positive or negative controls. Depending on the application envisioned it is 
preferred to employ varying conditions of hybridization to achieve varying degrees of selectivity 
of a nucleic acid towards a target sequence. In a non-limiting example, identification or 
isolation of a related target nucleic acid that does not hybridize to a nucleic acid under stringent 
conditions may be achieved by hybridization at low temperature and/or high ionic strength. For 
example, a medium stringency condition could be provided by about 0.1 to 0.25 M NaCl at 
temperatures of about 37° C to about 55*^ C. Under these conditions, hybridization may occur 
even though the sequences of probe and target strand are not perfectly complementary, but are 
mismatched at one or more positions. In another example, a low stringency condition could be 
provided by about 0.15 M to about 0.9 M salt, at temperatures ranging fi-om about 20° C to 
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about 55° C. Of course, it is within the skill of one in the art to further modify the low or high 
stringency conditions to suit a particular application. For example, in other embodiments, 
hybridization may be achieved imder conditions of 50 mM Tris-HCl (pH 8.3), 75 mM KCl, 3 
mM MgCl2, 1 .0 mM dithiothreitol, at temperatures between approximately 20° C to about 37° 
C. Other hybridization conditions utilized could include approximately 10 mM Tris-HCl (pH 
8.3), 50 mM KCl, 1.5 MM MgCh, at temperatures ranging from approximately 40° C to about 
72° C. 

[0089] Accordingly, the nucleotide sequences of the disclosure may be used for their 

ability to selectively form duplex molecules with complementary stretches of genes or RNAs or 
to provide primers for amplification of DNA or RNA from tissues. Depending on the 
application envisioned, it is preferred to employ varying conditions of hybridization to achieve 
varying degrees of selectivity of probe towards target sequence. 

[0090] The nucleic acid segments of the present invention, regardless of the length of the 

coding sequence itself, may be combined with other DNA sequences, such as promoters, 
enhancers, polyadenylation signals, additional restriction enzyme sites, multiple cloning sites, 
other coding segments, and the like, such that their overall length may vary considerably. It is 
therefore contemplated that a nucleic acid fragment of almost any length may be employed, with 
the total length preferably being limited by the ease of preparation and use in the intended 
recombinant DNA protocol. 

[0091] For example, nucleic acid fragments may be prepared that include a contiguous 

stretch of nucleotides identical to or complementary to SEQ ID NO:l, 3, 5, 7 or 14. Nucleic 
acid fragments for use as a DNA transcription template may also be prepared. These fragments 
may be short or of intermediate lengths, such as, for example, about 8, about 10 to about 14, or 
about 15 to about 20 nucleotides, and that are chromosome-sized pieces, up to about 35,000, 
about 30,000, about 25,000, about 20,000, about 15,000, about 10,000, or about 5,000 base pairs 
in length, as well as DNA segments with total lengths of about 1,000, about 500, about 200, 
about 100 and about 50 base pairs in length (including all intermediate lengths of these lengths 
listed above, i.e., any range derivable therein and any integer derivable therein such a range) are 
also contemplated to be useful. 

[0092] For example, it will be readily understood that "intermediate lengths," in these 

contexts, means any length between the quoted ranges, such as 6, 7, 8, 9, 10, 1 1, 12, 13, 14, 15, 
16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 
42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 65, 70, 75, 80, 85, 90, 95, 
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100, 105, 110, 115, 120, 130, 140, 150, 160, 170, 180, 190, including all integers through the 
200-500; 500-1,000; 1,000-2,000; 2,000-3,000; 3,000-5,000; 5,000-10,000 ranges, up to and 
including sequences of about 12,001, 12,002, 13,001, 13,002, 15,000, 20,000 and the like. 
[0093] Various nucleic acid segments may be designed based on a particular nucleic acid 

sequence, and may be of any length. By assigning numeric values to a sequence, for example, 
the first residue is 1, the second residue is 2, etc., an algorithm defining all nucleic acid segments 
can be created: 
[0094] n to n+y 

[0095] where n is an integer fi"om 1 to the last number of the sequence and y is the length 

of the nucleic acid segment minus one, where n+y does not exceed the last number of the 
sequence. Thus, for a 10-mer, the nucleic acid segments correspond to bases 1 to 10, 2 to 1 1, 3 
to 12 . . . and/or so on. For a 15-mer, the nucleic acid segments correspond to bases 1 to 15, 2 to 
16, 3 to 17 . . . and/or so on. For a 20-mer, the nucleic segments correspond to bases 1 to 20, 2 
to 21, 3 to 22 . and/or so on. In certain embodiments, the nucleic acid segment may be a 
probe or primer. As used herein, a "probe" generally refers to a nucleic acid used in a detection 
method or composition. As used herein, a "primer" generally refers to a nucleic acid used in an 
extension or amplification method or composition. 

[0096] The use of a hybridization probe of between 17 and 100 nucleotides in length, or 

in some aspect of the invention even up to 1-2 Kb or more in length, allows the formation of a 
duplex molecule that is both stable and selective. Molecules having complementary sequences 
over stretches greater than 20 bases in length are generally preferred, in order to increase 
stability and selectivity of the hybrid, and thereby improve the quality and degree of particular 
hybrid molecules obtained. One will generally prefer to design nucleic acid molecules having 
complementary sequences over stretches of 20 to 30 nucleotides, or even longer where desired. 
Such firagments may be readily prepared by, for example, directly synthesizing the firagment by 
chemical means or by introducing selected sequences into recombinant vectors for recombinant 
production. 

[0097] In general, it is envisioned that the hybridization probes described herein will be 

usefiil both as reagents in solution hybridization, as in PGR, for detection of expression of 
corresponding genes, as well as in embodiments employing a solid phase. In embodiments 
involving a solid phase, the test DNA (or RNA) is adsorbed or otherwise affixed to a selected 
matrix or surface. This fixed, single-stranded nucleic acid is then subjected to hybridization 
with selected probes under desired conditions. The selected conditions will depend on the 
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particular circumstances based on the particular criteria required (depending, for example, on the 
GH-C content, type of target nucleic acid, source of nucleic acid, size of hybridization probe, 
etc.). Following washing of the hybridized surface to remove non-specifically bound probe 
molecules, hybridization is detected, or even quantified, by means of the label. 

b. Nucleic Acid Amplification 

[0098] Nucleic acid used as a template for amplification is isolated fi"om cells contained 

in the biological sample, according to standard methodologies (Sambrook et al., In: Molecular 
Cloning: A Laboratory Manual 2 rev.ed.. Cold Spring Harbor: Cold Spring Harbor Laboratory 
Press, 1989). The nucleic acid may be genomic DNA or fi-actionated or whole cell RNA. 
Where RNA is used, it may be desired to convert the RNA to a complementary DNA. In one 
embodiment, the RNA is whole cell RNA and is used directly as the template for amplification. 
[0099] Pairs of primers that selectively hybridize to nucleic acids are contacted with the 

isolated nucleic acid under conditions that permit selective hybridization. The term "primer," as 
defined herein, is meant to encompass any nucleic acid that is capable of priming the synthesis 
of a nascent nucleic acid in a template-dependent process. Typically, primers are 
oligonucleotides from ten to twenty or thirty base pairs in length, but longer sequences can be 
employed. Primers may be provided in double-stranded or single-stranded form, although the 
single-stranded form is preferred. 

[00100] Once hybridized, the nucleic acid:primer complex is contacted with one 

or more enzymes that facilitate template-dependent nucleic acid synthesis. Multiple rounds of 
amplification, also referred to as "cycles," are conducted until a sufficient amount of 
amplification product is produced. 

[00101] Next, the amplification product is detected. In certain applications, the 

detection may be performed by visual means. Alternatively, the detection may involve indirect 
identification of the product via chemiluminescence, radioactive scintigraphy of incorporated 
radiolabel or fluorescent label, or even via a system using electrical or thermal impulse signals 
(Affymax technology). 

[001 02] A number of template dependent processes are available to amplify the 

marker sequences present in a given template sample. One of the best known amplification 
methods is the polymerase chain reaction (referred to as PCR) which is described in detail in 
U.S. Pat. Nos. 4,683,195, 4,683,202 and 4,800,159, each incorporated herein by reference in its 
entirety. 
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[00103] Briefly, in PGR, two primer sequences are prepared that are 

complementary to regions on opposite complementary strands of the marker sequence. An 
excess of deoxynucleoside triphosphates are added to a reaction mixture along with a DNA 
polymerase, e.g., Taq polymerase. If the marker sequence is present in a sample, the primers 
will bind to the marker and the polymerase will cause the primers to be extended along the 
marker sequence by adding on nucleotides. By raising and lowering the temperature of the 
reaction mixture, the extended primers will dissociate from the marker to form reaction 
products, excess primers will bind to the marker and to the reaction products, and the process is 
repeated. 

[001 04] A reverse transcriptase PGR amplification procedure may be performed in 

order to quantify the amoimt of mRNA amplified. Alternative methods for reverse transcription 
utilize thermostable, RNA-dependent DNA polymerases. These methods are described in WO 
90/07641, filed Dec. 21, 1990, incorporated herein by reference. Polymerase chain reaction 
methodologies are well known in the art. 

[001 05] Another method for amplification is the ligase chain reaction ("LGR"), disclosed 
in EPA No. 320 308, incorporated herein by reference in its entirety. In LGR, two 
complementary probe pairs are prepared, and in the presence of the target sequence, each pair 
will bind to opposite complementary strands of the target such that they abut. In the presence of 
a ligase, the two probe pairs will link to form a single unit. By temperature cycling, as in PGR, 
bound ligated units dissociate from the target and then serve as "target sequences" for ligation of 
excess probe pairs. U.S. Pat. No. 4,883,750 describes a method similar to LGR for binding probe 
pairs to a target sequence. 

[001 06] Q-beta Replicase, described in PGT Application No. PGT/US87/00880, 
incorporated herein by reference, may also be used as still another amplification method in the 
present invention. In this method, a replicative sequence of RNA that has a region 
complementary to that of a target is added to a sample in the presence of an RNA polymerase. 
The polymerase will copy the replicative sequence, which can then be detected. 
[001 07] An isothermal amplification method, in which restriction endonucleases and 
ligases are used to achieve the amplification of target molecules that contain nucleotide 5 - 
[alpha-thio]-triphosphates in one strand of a restriction site may also be usefiil in the 
amplification of nucleic acids in the present invention. 

[00108] Strand Displacement Amplification (SDA) is another method of carrying out 
isothermal amplification of nucleic acids which involves multiple rounds of strand displacement 
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and synthesis, i e., nick translation. A similar method, called Repair Chain Reaction (RCR), 
involves annealing several probes throughout a region targeted for amplification, followed by a 
repair reaction in which only two of the four bases are present. The other two bases can be 
added as biotinylated derivatives for easy detection. A similar approach is used in SDA. Target 
specific sequences can also be detected using a cyclic probe reaction (CPR). In CPR, a probe 
having 3* and 5* sequences of non-specific DNA and a middle sequence of specific RNA is 
hybridized to DNA that is present in a sample. Upon hybridization, the reaction is treated with 
RNase H, and the products of the probe identified as distinctive products that are released after 
digestion. The original template is annealed to another cycling probe and the reaction is 
repeated. 

[001 09] Still another amplification method described in GB Application No. 2 202 328, 
and in PCT AppUcation No. PCT/US89/01025, each of which is incorporated herein by 
reference in its entirety, may be used in accordance with the present invention. In the former 
application, "modified" primers are used in a PCR-like, template- and enzyme-dependent 
synthesis. The primers may be modified by labeling with a capture moiety (e.g., biotin) and/or a 
detector moiety (e.g., enzyme). In the latter application, an excess of labeled probes are added 
to a sample. In the presence of the target sequence, the probe binds and is cleaved catalytically. 
After cleavage, the target sequence is released intact to be bound by excess probe. Cleavage of 
the labeled probe signals the presence of the target sequence. 

[001 10] Other nucleic acid amplification procedures include transcription-based 
amplification systems (TAS), including nucleic acid sequence based amplification (NASBA) 
and 3SR (Gingeras et al., PCT Application WO 88/10315, incorporated herein by reference). In 
NASBA, the nucleic acids can be prepared for amplification by standard phenol/chloroform 
extraction, heat denaturation of a clinical sample, treatment with lysis buffer and minispin 
columns for isolation of DNA and RNA or guanidiniimi chloride extraction of RNA. These 
amplification techniques involve annealing a primer which has target specific sequences. 
Following polymerization, DNA/RNA hybrids are digested with RNase H while double- 
stranded DNA molecules are heat denatured again. In either case, the single-stranded DNA is 
made fiilly double-stranded by addition of second target specific primer, followed by 
polymerization. The double-stranded DNA molecules are then multiply transcribed by an RNA 
polymerase such as T7 or SP6. In an isothermal cyclic reaction, the RNAs are reverse 
transcribed into single-stranded DNA, which is then converted to double-stranded DNA, and 
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then transcribed once again with an RNA polymerase such as T7 or SP6. The resulting 
products, whether truncated or complete, indicate target specific sequences. 
[001 11] Davey et al., EPA No. 329 822 (incorporated herein by reference in its entirety) 
disclose a nucleic acid amplification process involving cyclically synthesizing single-stranded 
RNA ("ssRNA"), ssDNA, and double-stranded DNA (dsDNA), which may be used in 
accordance with the present invention. The ssRNA is a template for a first primer 
oligonucleotide, which is elongated by reverse transcriptase (RNA-dependent DNA 
polymerase). The RNA is then removed from the resulting DNAiRNA duplex by the action of 
ribonuclease H (RNase H, an RNase specific for RNA in duplex with either DNA or RNA). The 
resultant ssDNA is a template for a second primer, which also includes the sequences of an RNA 
polymerase promoter (exemplified by T7 RNA polymerase) 5' to its homology to the template. 
This primer is then extended by DNA polymerase (exemplified by the large "Klenow" fragment 
of E, coli DNA polymerase I), resulting in a double-stranded DNA ("dsDNA") molecule, having 
a sequence identical to that of the original RNA between the primers and having additionally, at 
one end, a promoter sequence. This promoter sequence can be used by the appropriate RNA 
polymerase to make many RNA copies of the DNA. These copies can then re-enter the cycle 
leading to very swifl amplification. With proper choice of enzymes, this amplification can be 
done isothermally without addition of enzymes at each cycle. Because of the cyclical nature of 
this process, the starting sequence can be chosen to be in the form of either DNA or RNA. 
[001 1 2] Miller et al., PCT Application WO 89/06700 (incorporated herein by reference in 
its entirety) disclose a nucleic acid sequence amplification scheme based on the hybridization of 
a promoter/primer sequence to a target single-stranded DNA ("ssDNA") followed by 
transcription of many RNA copies of the sequence. This scheme is not cyclic, i.e., new 
templates are not produced from the resultant RNA transcripts. Other amplification methods 
include "RACE" and "one-sided PGR" (Frohman, In: PGR Protocols: A Guide To Methods 
And AppUcations, Academic Press, N.Y,, 1990, incorporated herein by reference). 
[001 13] Methods based on ligation of two (or more) oligonucleotides in the presence of 
nucleic acid having the sequence of the resulting "di-oligonucleotide," thereby amplifying the 
di-oligonucleotide, may also be used in the amplification step of the present invention. 

c. Nucleic Acid Detection 

[001 14] In certain embodiments, it will be advantageous to employ nucleic acid 
sequences of the present invention such as all or part of SEQ ID NO: 1, 3, 5, 7, 14 or a mutant 
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thereof in combination with an appropriate means, such as a label, for hybridization assays, 
RNase protection and Northern hybridization. A wide variety of appropriate indicator means are 
known in the art, including fluorescent, radioactive, enzymatic or other ligands, such as 
avidin/biotin, which are capable of being detected. In preferred embodiments, one may desire to 
employ a fluorescent label or an enzyme tag such as urease, alkaline phosphatase or peroxidase, 
instead of radioactive or other environmentally undesirable reagents. In the case of enzyme tags, 
colorimetric indicator substrates are known that can be employed to provide a detection means 
visible to the human eye or spectrophotometrically, to identify specific hybridization with 
complementary nucleic acid-containing samples. 

[001 15] In embodiments wherein nucleic acids are amplified, it may be desirable to 
separate the amplification product from the template and the excess primer for the purpose of 
determining whether specific amplification has occurred. In one embodiment, ampUfication 
products are separated by agarose, agarose-acrylamide or polyacrylamide gel electrophoresis 
using standard methods (Sambrook et al.. In: Molecular Cloning: A Laboratory Manual 2 
rev.ed.. Cold Spring Harbor: Cold Spring Harbor Laboratory Press, 1989). 
[001 1 6] Altematively, chromatographic techniques may be employed to effect separation. 
There are many kinds of chromatography which may be used in the present invention: 
adsorption, partition, ion-exchange and molecular sieve, and many specialized techniques for 
using them including column, paper, thin-layer and gas chromatography. 
[001 17] Amplification products must be visualized in order to confirm amplification of 
the marker sequences. One typical visualization method involves staining of a gel with ethidixmi 
bromide and visualization under UV light. Altematively, if the amplification products are 
integrally labeled with radio- or fluorometrically-labeled nucleotides, the amplification products 
can then be exposed to x-ray film or visualized under the appropriate stimulating spectra, 
following separation. 

[001 18] In one embodiment, visualization is achieved indirectly. Following separation of 
amplification products, a labeled, nucleic acid probe is brought into contact with the amplified 
marker sequence. The probe preferably is conjugated to a chromophore but may be 
radiolabeled. In another embodiment, the probe is conjugated to a binding partner, such as an 
antibody or biotin, and the other member of the binding pair carries a detectable moiety. 
[001 19] In one embodiment, detection is by Southern blotting and hybridization with a 
labeled probe. The techniques involved in Southern blotting are well known to those of skill in 
the art. Briefly, amplification products are separated by gel electrophoresis. The gel is then 
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contacted with a membrane, such as nitrocellulose, permitting transfer of the nucleic acid and 
non-covalent binding. Subsequently, the membrane is incubated with a chromophore- 
conjugated probe that is capable of hybridizing with a target amplification product. Detection is 
by exposure of the membrane to x-ray film or ion-emitting detection devices. 
[00120] One example of the foregoing is described in U.S. Pat. No. 5,279,721, 
incorporated by reference herein, which discloses an apparatus and method for the automated 
electrophoresis and transfer of nucleic acids. The apparatus permits electrophoresis and blotting 
without external manipulation of the gel and is ideally suited to carrying out methods according 
to the present invention. 

[001 21 ] Other methods for genetic screening to accurately detect mutations in genomic 
DNA, cDNA or RNA samples may be employed, depending on the specific situation. 
[00122] Historically, a number of different methods have been used to detect point 
mutations, including denaturing gradient gel electrophoresis ("DGGE"), restriction enzyme 
polymorphism analysis, chemical and enzymatic cleavage methods, and others. The more 
common procedures currently in use include direct sequencing of target regions amplified by 
PGR (see above) and single-strand conformation polymorphism analysis ("SSCP"). 
[001 23] Another method of screening for point mutations is based on RNase cleavage of 
base pair mismatches in RNA/DNA and RNA/RNA heteroduplexes. As used herein, the term 
"mismatch" is defined as a region of one or more unpaired or mispaired nucleotides in a double- 
stranded RNA/RNA, RNA/DNA or DNA/DNA molecule. This definition thus includes 
mismatches due to insertion/deletion mutations, as well as single and multiple base point 
mutations. 

[00124] U.S. Pat. No. 4,946,773 describes an RNase A mismatch cleavage assay that 
involves aimealing single-stranded DNA or RNA test samples to an RNA probe, and subsequent 
treatment of the nucleic acid duplexes with RNase A. After the RNzise cleavage reaction, the 
RNase is inactivated by proteolytic digestion and organic extraction, and the cleavage products 
are denatured by heating and analyzed by electrophoresis on denaturing polyacrylamide gels. 
For the detection of mismatches, the single-stranded products of the RNase A treatment, 
electrophoretically separated according to size, are compared to similarly treated control 
duplexes. Samples containing smaller fragments (cleavage products) not seen in the control 
duplex are scored as positive. 

[00125] Currently available RNase mismatch cleavage assays, including those performed 
according to U.S. Pat. No. 4,946,773, require the use of radiolabeled RNA probes. Myers and 
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Maniatis in U.S. Pat. No. 4,946,773 describe the detection of base pair mismatches using RNase 
A. Other investigators have described the use of an E. coli enzyme, RNase I, in mismatch 
assays. Because it has broader cleavage specificity than RNase A, RNase I would be a desirable 
enzjmie to employ in the detection of base pair mismatches if components can be foxmd to 
decrease the extent of non-specific cleavage and increase the fi'equency of cleavage of 
mismatches. The use of RNase I for mismatch detection is described in literature fi-om Promega 
Biotech. Promega markets a kit containing RNase I that is shown in their literature to cleave 
three out of four known mismatches, provided the enzyme level is sufficiently high. 
[00126] The RNase Protection assay was first used to detect and map the ends of specific 
mRNA targets in solution. The assay relies on being able to easily generate high specific 
activity radiolabeled RNA probes complementary to the mRNA of interest by in vitro 
transcription. Originally, the templates for in vitro transcription were recombinant plasmids 
containing bacteriophage promoters. The probes are mixed with total cellular RNA samples to 
permit hybridization to their complementary targets, then the mixture is treated with RNase to 
degrade excess unhybridized probe. Also, as originally intended, the RNase used is specific for 
single-stranded RNA, so that hybridized double-stranded probe is protected fi-om degradation. 
After inactivation and removal of the RNase, the protected probe (which is proportional in 
amount to the amount of target mRNA that was present) is recovered and analyzed on a 
polyacrylamide gel. 

[00127] The RNase Protection assay was adapted for detection of single base mutations. 
In this type of RNase A mismatch cleavage assay, radiolabeled RNA probes transcribed in vitro 
firom wild-type sequences are hybridized to complementary target regions derived fi-om test 
samples. The test target generally comprises DNA (either genomic DNA or DNA amplified by 
cloning in plasmids or by PGR), although RNA targets (endogenous mRNA) have occasionally 
been used. If single nucleotide (or greater) sequence differences occur between the hybridized 
probe and target, the resulting disruption in Watson-Crick hydrogen bonding at that position 
("mismatch") can be recognized and cleaved in some cases by single-strand specific 
ribonuclease. To date, RNase A has been used almost exclusively for cleavage of single-base 
mismatches, although RNase I has recently been shown as usefiil also for mismatch cleavage. 
There are recent descriptions of using the MutS protein and other DNA-repair enzymes for 
detection of single-base mismatches. 

[00128] Nuclease SI analysis of reaction products can be used to measure RNA. An 
exemplary procedure for SI analysis involves hybridization reaction with the RNA of interest 
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(0.005-0.1 mg) and an excess of SI probe which comprises a labeled oligonucleotide 
complementary to 20-80 or more sequential nucleotides of a specific RNA in SI hybridization 
buffer (80% formamide, 0.4 M NaCl, 1 mM EDTA, 40 mM Pipes, pH 6.4). After denaturation 
for 4 min at 94° C, overnight hybridization at 30® C and precipitation with ethanol, the SI 
probe/RNA mixture is resuspended in SI buffer (0.26 M NaCl, 0.05 M sodium acetate, pH 4.6, 
and 4.5 mM zinc sulfate). The sample is divided into two volumes and 100 units of SI nuclease 
(Sigma Chemical Company) is added to one tube. The samples are incubated for 60 minutes at 
37"* C; then EDTA (10 mM final concentration) and 15 g polyl-polyC RNA are added and the 
sample is extracted with phenol/chloroform and precipitated in ethanol. The samples are then 
subjected to polyacrylamide gel electrophoresis. 

[001 29] One method to produce a radiolabeled RNA probe with high specific activity 
includes admixing a radiolabeled NTP during transcription. Suitable isotopes for radiolabeling 
include ^^S- and ^^P-labeled UTP, GTP, CTP or ATP. For optimal resuhs, a gel-purified 
radiolabeled RNA probe which is preferentially 300-500 bases in length, with a specific activity 
of 1-3 XI 0 8 cpm/jLtg should be generated using the RNA polymerase of the current invention. In 
order to produce this in vitro transcript, it is often advisable to use a high specific activity (e.g., 
[q:-^^P]CTP at 3,000Ci/mmol) NTP. To prevent background hybridization, it is important to 
remove plasmid template DNA by digestion which can be done with, for example, RQl RNase- 
Free DNase followed by phenol:chloroform:isoamyl alcohol extraction and ethanol 
precipitation. 

[001 30] Another method for producing radiolabeled probes includes using a riboprobe 
system which can produce high specific activity, radiolabeled RNA probes or microgram 
quantities of in vitro transcript. Riboprobes are useftil with radiolabeled RNA probes in many 
applications including RNase protection. Northern hybridization, SI analysis and in situ 
hybridization assays. The principle components of an in vitro transcription are the riboprobe, an 
RNA polymerase, a DNA template which includes a phage RNA polymerase promoter and 
ribonucleotide triphosphates. 

d. Cloning vRNAP Genes 

[001 31 ] The present invention contemplates cloning vRNAP, or more particularly mini- 
vRNAP genes. A technique often employed by those skilled in the art of protein production 
today is to obtain a so-called "recombinant" version of the protein, to express it in a recombinant 
cell and to obtain the protein, polypeptide or peptide fi-om such cells. These techniques are 
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based upon the "cloning" of a nucleic acid molecule encoding the protein from a DNA library, 
i.e., on obtaining a specific DNA molecule distinct from other portions of DNA. This can be 
achieved by, for example, cloning a cDNA molecule, or cloning a genomic-like DNA molecule. 
[001 32] The first step in such cloning procedures is the screening of an appropriate DNA 
library, such as, for example, from a phage, bacteria, yeast, fungus, mouse, rat, monkey or 
human. The screening protocol may utilize nucleotide segments or probes that are designed to 
hybridize to cDNA or genomic sequences of vRNAPs from protists. Additionally, antibodies 
designed to bind to the expressed vRNAP proteins, polypeptides, or peptides may be used as 
probes to screen an appropriate viral, eubacterial, archaebacterial or eukaryotic DNA expression 
library. Alternatively, activity assays may be employed. The operation of such screening 
protocols are well known to those of skill in the art and are described in detail in the scientific 
literature, for example, in Sambrook et al., In: Molecular Cloning: A Laboratory Manual 2 
rev.ed.. Cold Spring Harbor: Cold Spring Harbor Laboratory Press, 1989, incorporated herein 
by reference. Moreover, as the present invention encompasses the cloning of genomic segments 
as well as cDNA molecules, it is contemplated that suitable genomic cloning methods, as known 
to those in the art, may also be used. 

[001 33] Encompassed by the invention are DNA segments encoding relatively small 
peptides, such as, for example, peptides of from about 8, about 9, about 10, about 1 1, about 12, 
about 13, about 14, about 15, about 16, about 17, about 18, about 19, about 20, about 21, about 
22, about 23, about 24, about 25, about 26, about 27, about 28, about 29, about 30, about 31, 
about 32, about 33, about 34, about 35, about 35, about 40, about 45, to about 50 amino acids in 
length, and more preferably, of from about 15 to about 30 amino acids in length; as set forth in 
SEQ ID NO:2, 4, 6, 8 or 15 and also larger polypeptides up to and including proteins 
corresponding to the fiilHength sequences set forth in SEQ ID NO:2 and SEQ ID NO: 15, and 
any range derivable therein and any integer derivable in such a range. In addition to the 
"standard" DNA and RNA nucleotide bases, modified bases are also contemplated for use in 
particular applications of the present invention. 

III. Recombinant Vectors, Promoters, Host Cells and Expression 

[001 34] Recombinant vectors form an important fiirther aspect of the present invention. 
The term "expression vector or construct" means any type of genetic construct containing a 
nucleic acid coding for a gene product in which part or all of the nucleic acid encoding sequence 
is capable of being transcribed. The transcript may be translated into a proteinaceous molecule, 
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but it need not be, such as in the case of mini-vRNAP transcribing an RNA using a single- 
stranded DNA template. Thus, in certain embodiments, expression includes both transcription 
of a single-stranded DNA and translation of an RNA into the protein product. In other 
embodiments, expression only includes transcription of the nucleic acid. A recombinant vector 
can also be used for delivery of the RNA of the current invention. 

[001 35] Particularly useful vectors are contemplated to be those vectors in which the 
coding portion of the DNA segment, whether encoding a full length protein or smaller 
polypeptide or peptide, is positioned under the transcriptional control of a promoter. A 
"promoter" refers to a DNA sequence recognized by the synthetic machinery of the cell, or 
introduced synthetic machinery, required to initiate the specific transcription of a gene. The 
phrases "operatively positioned," "under control" or "under transcriptional control" means that 
the promoter is in the correct location and orientation in relation to the nucleic acid to control 
RNA polymerase initiation and expression of the gene. 

[001 36] One particularly useful vector is pBAD. The pBAD expression vectors allow for 
greater control of bacterial expression of recombinant proteins and allow tight regulation for 
tuming expression on or off. pBAD vectors allow for dose dependent induction for modulation 
of expression levels. The pBAD expression system helps overcome two of the most common 
problems of heterologous protein expression in bacteria: toxicity of the recombinant protein to 
the host and insolubility of the recombinant protein when it is expressed at high, uncontrolled 
levels. In both cases, a tightly-regulated expression system is critical for maximizing 
recombinant protein yields. The pBAD expression system is based on the araBAD operon 
which controls the arabinose metabolic pathway in E. coli and allows for precise modulation of 
heterologous expression to levels that are optimal for recovering high yields of the protein of 
interest (Guzman et al., L Bact. 177:4121-4130, 1995). 

a. Promoters 

[001 37] Any promoters normally foimd in a host cell in the native state can be used in the 
present invention to drive expression of N4 vRNA or mini-vRNA polymerase. Also, promoters 
not normally found in the host cell in the native state that are recognized by a native, normally 
native host cell RNA polymerase, or non-native RNA polymerase expressed in the cell can be 
used in the present invention to drive expression of the RNA polymerase. Other promoters may 
be selected from a nucleic acid sequence database accessible to those of skill in the art, e.g., 
GenBank, or the promoter can be isolated by a screening method. A promoter recognized by the 
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host cell can be operably linked to the gene or genes encoding the N4 RNA polymerase. The 
operable linkage can be constructed using any known techniques for DNA manipulation, as 
referred to herein. 

[001 38] Promoters are described as either constitutive or inducible. Constitutive 
promoters actively drive expression of genes under their control. Inducible promoters, in 
contrast, are activated in response to specific environmental stimuli. Both constitutive and 
inducible promoters can be used in the present invention for expressing non-host genes in a host 
cell. 

[001 39] Inducible promoters include, but are not limited to, trp, tac, lac, ara, reca, XPr, and 
XPl. These promoters and others that can be used in the present invention for expression of the 
N4 vRNA or mini-vRNA polymerase, in embodiments in which the host cell is E. coli, are 
described by Makrides, Microbiological Reviews 60, 512-538, 1996, herein incorporated by 
reference. Further, in embodiments of the present invention wherein the host cell is a microbe 
other than E, colU such as SaccharomyceSy Bacillus^ and Pseudomonas^ any inducible promoter 
known to those skilled in the art to be active in the host cell can be used to drive expression of 
the heterologous RNA polymerase. (U.S. Pat. No. 6,218,145). 

[00140] The promoter may be in the form of the promoter that is naturally associated with 
N4 vRNA or mini-vRNA polimierase, as may be obtained by isolating the 5' non-coding 
sequences located upstream of the coding segment or exon, for example, using recombinant 
cloning and/or PGR technology, in connection with the compositions disclosed herein (PGR 
technology is disclosed in U.S. Pat. No. 4,683,202 and U.S. Pat. No. 4,682,195, each 
incorporated herein by reference). 

[00141] In other embodiments, it is contemplated that certain advantages will be gained 
by positioning the coding DNA segment under the control of a recombinant, or heterologous, 
promoter. As used herein, a recombinant or heterologous promoter is intended to refer to a 
promoter that is not normally associated with N4 vRNA or mini-vRNA polymerase in its natural 
environment. Such promoters may include promoters normally associated with other genes, 
and/or promoters isolated from any other bacterial, viral, eukaryotic, protist, or mammalian cell, 
and/or promoters made by the hand of man that are not "naturally occurring," i e., containing 
different elements from different promoters, or mutations that increase, decrease, or alter 
expression. 

[00142] Naturally, it will be important to employ a promoter that effectively directs the 
expression of the DNA segment in the cell type, organism, or even animal, chosen for 
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expression. The use of promoter and cell type combinations for protein expression is generally 
known to those of skill in the art of molecular biology, for example, see Sambrook et al. In: 
Molecular Cloning: A Laboratory Manual 2 rev.ed.. Cold Spring Harbor: Cold Spring Harbor 
Laboratory Press, 1989, incorporated herein by reference. The promoters employed may be 
constitutive, or inducible, and can be used under the appropriate conditions to direct high level 
expression of the introduced DNA segment, such as is advantageous in the large-scale 
production of recombinant proteins, polypeptides or peptides. 

[00143] At least one module in a promoter generally functions to position the start site for 
RNA synthesis. The best known example of this is the TATA box, but in some promoters 
lacking a TATA box, such as the promoter for the mammalian terminal deoxynucleotidyl 
transferase gene and the promoter for the SV40 late genes, a discrete element overlying the start 
site itself helps to fix the place of initiation. 

[001 44] Additional promoter elements regulate the frequency of transcriptional initiation. 
Typically, these are located in the region 30-1 10 bp upstream of the start site, although a number 
of promoters have been shown to contain functional elements downstream of the start site as 
well. The spacing between promoter elements frequently is flexible, so that promoter function is 
preserved when elements are inverted or moved relative to one another. In the thymidine kinase 
promoter, the spacing between promoter elements can be increased to 50 base pairs apart before 
activity begins to decline. Depending on the promoter, it appears that individual elements Ccin 
function either co-operatively or independently to activate transcription. 
[00145] The particular promoter that is employed to control the expression of a nucleic 
acid is not believed to be critical, so long as it is capable of expressing the nucleic acid in the 
targeted cell. Thus, where a human cell is targeted, it is preferable to position the nucleic acid 
coding region adjacent to and under the control of a promoter that is capable of being expressed 
in a human cell. Generally speaking, such a promoter might include either a human or viral 
promoter. 

[00146] In various other embodiments, the human cytomegalovirus (CMV) immediate 
early gene promoter, the S V40 early promoter and the Rous sarcoma virus long terminal repeat 
can be used to obtain high-level expression of the instant nucleic acids. The use of other viral or 
mammalian cellular or bacterial phage promoters which are well-known in the art to achieve 
expression are contemplated as well, provided that the levels of expression are sufficient for a 
given purpose. 
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[00147] In certain embodiments of the invention, promoter sequences may be used that 
that are recognized specifically by a DNA-dependent RNA polymerase, such as, but not limited 
to, those described by Chamberlin and Ryan, In: The Enzymes, San Diego, Calif, Academic 
Press, 15:87-108, 1982, and by JorgensenMal.,LBioL QienL 266:645-655, 1991. These 
promoters can be used to express a wild-type or mutant form of a miniV RNA polymerase of the 
invention. Several RNA polymerase promoter sequences are especially useful, including, but 
not limited to, promoters derived from SP6 (e.g., Zhou and Doetsch, Proc. Nat. Acad. Sci. USA 
90:6601-6605, 1993), T7 (e.g., Martin, and Coleman, Biochemistry 26:2690-2696, 1987) and T3 
(e.g., McGraw et al., NucL Acid. Res. 13:6753-6766, 1985). An RNA polymerase promoter 
sequence derived from Thermus thermophilus can also be used (see, e.g., Wendt et al., Eur. L 
Biochem. 191:467-472, 1990; Faraldo et al., L Bact 174:7458-7462, 1992; Hartmann et al., 
Biochem. 69:1097-1104. 1987; Hartmann et al., Nucl. Acids Res. 19:5957-5964, 1991). The 
length of the promoter sequence will vary depending upon the promoter chosen. For example, 
the T7 RNA polymerase promoter can be only about 25 bases in length and act as a functional 
promoter, while other promoter sequences require 50 or more bases to provide a functional 
promoter. 

[00148] In other embodiments of the invention, a promoter is used that is recognized by 
an RNA polymerase from a T7-like bacteriophage. The genetic organization of all T7-like 
phages that have been examined has been found to be essentially the same as that of T7. 
Examples of T7-like phages according to the invention include, but are not limited to 
Escherichia coli phages T3, 4)1, 4»II, W3 1, H, Y, Al, 122, cro, C21, C22, and C23; 
Pseudomonas putida phage gh-1; Salmonella typhimurium phage SP6; Serratia marcescens 
phages IV; Citrobacter phage Villi; and Klebsiella phage No. 1 1 (Hausmann, Current Topics in 
Microbiologv and Immunoloev 75:77-109, 1976; Korsten et al., J. Gen. Virol. 43:57-73, 1975; 
Dunn, et al.^ Nature New Biologv 230:94-96, 1971; Towle, et al., L Biol. Chem. 250: 1723-1733, 
1975; Butler and Chamberlin, L Biol. Chem. 257:5772-5778, 1982). 
[001 49] When a T7 RNA polymerase promoter, or another T7-like RNA polymerase 
promoter is used to express a wild-type or mutant form of a gene for a miniV RNA polymerase 
of the invention, the gene can be expressed in a host cell which expresses the T7 RNA 
polymerase, or the corresponding T7-like RNA polymerase for the promoter used, wherein the 
RNA polymerase for the promoter is expressed either constitutively, or more preferably, from an 
inducible promoter. By way of example, a T7 RNA polymerase expression system, such as, but 
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not limited to, the expression systems disclosed in, for example, U.S. Pat. Nos. 5,693,489 and 
5,869,320, the disclosures of which are incorporated herein by reference in their entirety. 

b. Enhancers 

[001 50] Enhancers were originally detected as genetic elements that increased 
transcription from a promoter located at a distant position on the same molecule of DNA. This 
ability to act over a large distance had little precedent in classic studies of prokaryotic 
transcriptional regulation. Subsequent work showed that regions of DNA with enhancer activity 
are organized much like promoters. That is, they are composed of many individual elements, 
each of which binds to one or more transcriptional proteins. 

[001 51] The basic distinction between enhancers and promoters is operational. An 
enhancer region as a whole must be able to stimulate transcription at a distance; this need not be 
true of a promoter region or its component elements. On the other hfuid, a promoter must have 
one or more elements that direct initiation of RNA synthesis at a particular site and in a 
particular orientation, whereas enhancers lack these specificities. Promoters and enhancers are 
often overlapping and contiguous, often seeming to have a very similar modular organization. 
[001 52] Additionally any promoter/enhancer combination (as per the Eukaryotic 
Promoter Data Base EPDB, http://www.epd.isb-sib.ch/) could also be used to drive expression. 
[001 53] Eukaryotic cells can support cytoplasmic transcription from certain bacterial 
promoters if the appropriate bacterial polymerase is provided, either as part of the delivery 
complex or as an additional genetic expression construct. 

[001 54] Turning to the expression of the proteinaceous molecules after transcription using 
the vRNAP, mini-vRNAP, or mutants thereof of the present invention, once a suitable clone or 
clones have been obtained, whether they be cDNA based or genomic, one may proceed to 
prepare an expression system. 

[001 55] The engineering of DNA segment(s) for expression in a prokaryotic or eukaryotic 
system may be performed by techniques generally known to those of skill in recombinant 
expression. It is believed that virtually any expression system may be employed in the 
expression of the proteinaceous molecules of the present invention. 

[00156] Both cDNA and genomic sequences are suitable for eukaryotic expression, as the 
host cell will generally process the genomic transcripts to yield fimctional mRNA for translation 
into proteinaceous molecules. Generally speaking, it may be more convenient to employ as the 
recombinant gene a cDNA version of the gene. It is believed that the use of a cDNA version 
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will provide advantages in that the size of the gene will generally be much smaller and more 
readily employed to transfect the targeted cell than will a genomic gene, which will typically be 
up to an order of magnitude or more larger than the cDNA gene. However, it is contemplated 
that a genomic version of a particular gene may be employed where desired, 
[00157] In expression, one will typically include a polyadenylation signal to effect proper 
polyadenylation of the transcript. The nature of the polyadenylation signal is not believed to be 
crucial to the successful practice of the invention, and any such sequence may be employed. 
Preferred embodiments include the SV40 polyadenylation signal and the bovine growth 
hormone polyadenylation signal, convenient and known to function well in various target cells. 
Also contemplated as an element of the expression cassette is a terminator. These elements can 
serve to enhance message levels and to minimize read through from the cassette into other 
sequences. 

c. Antisense, RNAi and Ribozvmes 

[001 58] In some embodiments of the invention the vRNA polymerase can be used to 
synthesize antisense RNA, RNAi or interference RNA or ribozymes. 
[00159] The term "antisense nucleic acid" is intended to refer to the oligonucleotides 
complementary to the base sequences of DNA and RNA. Antisense oligonucleotides, when 
introduced into a target cell, specifically bind to their target nucleic acid and interfere with 
transcription, RNA processing, transport, translation, and/or stability. Targeting double- 
stranded (ds) DNA with oligonucleotides leads to triple-helix formation; targeting RNA will 
lead to double-helix formation. An antisense nucleic acid may be complementary to SEQ ID 
NO:l, 3, 5, 7 or 14, complementary to a mini-vRNAP encoding sequence or to mini-vRNAP 
non-coding sequences. Antisense RNA constructs, or DNA encoding such antisense RNAs, 
may be employed to inhibit gene transcription or translation or both within a host cell, either in 
vitro or in vivo, such as within a host animal, including a human subject. 
[001 60] Antisense constructs may be designed to bind to the promoter and other control 
regions, exons, introns or even exon-intron boundaries (splice junctions) of a gene. It is 
contemplated that the most effective antisense constructs may include regions complementary to 
intron/exon splice jxmctions. Thus, antisense constructs with complementary regions within 50- 
200 bases of an intron-exon splice jxmction may be used. It has been observed that some exon 
sequences can be included in the construct without seriously affecting the target selectivity 
thereof. The amount of exonic material included will vary depending on the particular exon and 
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intron sequences used. One can readily test whether too much exon DNA is included simply by 
testing the constructs in vitro to determine whether normal cellular function is affected or 
whether the expression of related genes having complementary sequences is affected. 
[001 61] As stated above, "complementary" or "antisense" means polynucleotide 
sequences that are substantially complementary over their entire length and have very few base 
mismatches. For example, sequences of fifteen bases in length may be termed complementary 
when they have complementary nucleotides at thirteen or fourteen positions. Naturally, 
sequences which are completely complementary will be sequences which are entirely 
complementary throughout their entire length and have no base mismatches. Other sequences 
with lower degrees of homology also are contemplated. For example, an antisense construct 
which has limited regions of high homology, but also contains a non-homologous region (e.g., 
ribozyme) could be designed. These molecules, though having less than 50% homology, would 
bind to target sequences under appropriate conditions. 

[001 62] It may be advantageous to combine portions of genomic DNA with cDNA or 
synthetic sequences to generate specific constructs. For example, where an intron is desired in 
the ultimate construct, a genomic clone will need to be used. The cDNA or a synthesized 
polynucleotide may provide more convenient restriction sites for the remaining portion of the 
construct and, therefore, would be used for the rest of the sequence. 
[001 63] While all or part of the gene sequence may be employed in the context of 
antisense construction, statistically, any sequence 17 bases long should occur only once in the 
human genome and, therefore, suffice to specify a unique target sequence. Although shorter 
oligomers are easier to make and increase in vivo accessibility, numerous other factors are 
involved in determining the specificity of hybridization. Both binding affinity and sequence 
specificity of an oligonucleotide to its complementary target increases with increasing length. It 
is contemplated that oHgonucleotides of 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 or more 
base pairs will be used. One can readily determine whether a given antisense nucleic acid is 
effective at targeting of the corresponding host cell gene simply by testing the constructs in vivo 
to determine whether the endogenous gene's function is affected or whether the expression of 
related genes having complementary sequences is affected. 

[001 64] In certain embodiments, one may wish to employ antisense constructs which 
include other elements, for example, those which include C-5 propyne pyrimidines. 
Oligonucleotides which contain C-5 propyne analogues of uridine and cytidine have been shown 
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to bind RNA with high affinity and to be potent antisense inhibitors of gene expression (Wagner 
etal.. Science 260:1510-1513, 1993). 

[001 65] As an alternative to targeted antisense delivery, targeted ribozymes may be used. 
The term "ribozyme" refers to an RNA-based enzyme capable of targeting and cleaving 
particular base sequences in oncogene DNA and RNA. Ribozymes either can be targeted 
directly to cells, in the form of RNA oligonucleotides incorporating ribozyme sequences, or 
introduced into the cell as an expression construct encoding the desired ribozymal RNA. 
Ribozymes may be used and applied in much the same way as described for antisense nucleic 
acids. Sequences for ribozymes may be included in the DNA template to eliminate undesired 5' 
end sequences in RNAs generated through T7 RNA polymerase transcription. 
[00166] Ribozymes are RNA-protein complexes that cleave nucleic acids in a site-specific 
fashion. Ribozymes have specific catalytic domains that possess endonuclease activity (Kim 
and Cech, Proc. Natl. Acad. Sci. USA 84:8788-8792, 1987; Gerlach et al., Nature 328:802-805, 
1987; Forster and Symons, Cell 49:21 1-220, 1987). For example, a large number of ribozymes 
accelerate phosphoester transfer reactions with a high degree of specificity, often cleaving only 
one of several phosphoesters in an oligonucleotide substrate (Cech et al.. Cell 27:487-496, 1981; 
Michel and Westhof, L Mol. Biol. 216:585-610, 1990; Reinhold-Hurek and Shub, Nature 
357:173-176, 1992). This specificity has been attributed to the requirement that the substrate 
bind via specific base-pairing interactions to the internal guide sequence ("IGS") of the 
ribozyme prior to chemical reaction. 

[001 67] Ribozyme catalysis has primarily been observed as part of sequence specific 
cleavage/ligation reactions involving nucleic acids (Joyce, Nature 338:217-244, 1989; Cech et 
al.. Cell 27:487-496, 1981). For example, U.S. Pat. No. 5,354,855 reports that certain ribozymes 
can act as endonucleases with a sequence specificity greater than that of known ribonucleases 
and approaching that of the DNA restriction enzymes. Thus, sequence-specific ribozyme- 
mediated inhibition of gene expression may be particularly suited to therapeutic applications 
(Scanlon et al., Proc. Natl. Acad. Sci. USA 88:10591-10595, 1991 ; Sarver et al.. Science 
247:1222-1225, 1990; Sioud et al-, L Mol. Biol. 223:831-835, 1992). Recently, it was reported 
that ribozymes elicited genetic changes in some cell lines to which they were applied; the altered 
genes included the oncogenes H-ras, c-fos and genes of HIV. Most of this work involved the 
modification of a target mRNA, based on a specific mutant codon that is cleaved by a specific 
ribozyme. In light of the information included herein and the knowledge of one of ordinary skill 
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in the art, the preparation and use of additional ribozymes that are specifically targeted to a 
given gene will now be straightforward. 

[001 68] Several different ribozyme motifs have been described with RNA cleavage 
activity (reviewed in Symons, Annu. Rev. Biochem. 61 :641-671, 1992). Examples of 
ribozymes include sequences fi^om the Group I self-splicing introns including tobacco ringspot 
virus (Prody, et al., Science 231:1577-1580, 1986), avocado simblotch viroid (Palukaitis, et al.. 
Virology 99:145-151. 1979; Symons, NucL Acids Res, 9:6527-6537, 1981), and Luceme 
transient streak virus (Forster and Symons, Cell 49:21 1-220, 1987). Sequences from these and 
related viruses are referred to as hammerhead ribozymes based on a predicted folded secondary 
structure. 

[001 69] Other suitable ribozymes include sequences from RNase P with RNA cleavage 
activity (Yuan, et al., Proc. Natl. Acad. Sci. USA 89:8006-8010, 1992; Yuan and Altman, 
Science, 263:1269-1273, 1994), hairpin ribozyme structures (Berzal-Herranz, et al.. Genes and 
DeveL 6:129-134, 1992; Chowrira et al., Biochemistrv 32:1088-1095, 1993) and hepatitis 6 
virus based ribozymes (Perrotta and Been, Biochemistrv 3 1 : 16-21 , 1992). The general design 
and optimization of ribozyme directed RNA cleavage activity has been discussed in detail 
(Haseloffand Gerlach, Nature 334:585-591, 1988; Symons, Annu. Rev. Biochem. 61:641-671, 
1992; Chowrira, et d., L Biol. Chem. 269:25856-25864, 1994; and Thompson, et al.. Nature 
Medicine 1:277-278, 1995). 

[001 70] The other variable on ribozyme design is the selection of a cleavage site on a 
given target RNA. Ribozymes are targeted to a given sequence by virtue of annealing to a site 
by complementary base pair interactions. Two stretches of homology are required for this 
targeting. These stretches of homologous sequences flank the catalytic ribozyme structure 
defined above. Each stretch of homologous sequence can vary in length from 7 to 15 
nucleotides. The only requirement for defining the homologous sequences is that, on the target 
RNA, they are separated by a specific sequence which is the cleavage site. For hammerhead 
ribozymes, the cleavage site is a dinucleotide sequence on the target RNA, uracil (U) followed 
by either an adenine, cytosine or uracil (A, C or U; Perriman, et al.. Gene 1 13:157-163, 1992; 
Thompson, et al., Nature Medicine 1 :277-278, 1995). The frequency of this dinucleotide 
occurring in any given RNA is statistically 3 out of 16. Therefore, for a given target messenger 
RNA of 1000 bases, 187 dinucleotide cleavage sites are statistically possible. 
[00171] Designing and testing ribozymes for efficient cleavage of a target RNA is a 
process well known to those skilled in the art. Examples of scientific methods for designing and 
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testing ribozymes are described by Chowrira et al., J. Biol. Chem. 269:25856-25864 (1994) and 
Lieber and Strauss, Mol. Cell, Biol. 15: 540-551 (1995), each incorporated by reference. The 
identification of operative and preferred sequences for use in ribozymes is simply a matter of 
preparing and testing a given sequence, and is a routinely practiced "screening" method known 
to those of skill in the art. 

[001 72] A specific initiation signal also may be required for efficient translation of coding 
sequences. These signals include the ATG initiation codon and adjacent sequences. Exogenous 
translational control signals, including the ATG initiation codon, may need to be provided. One 
of ordinary skill in the art would readily be capable of determining this and providing the 
necessary signals. It is well known that the initiation codon must be "in-frame" with the reading 
frame of the desired coding sequence to ensure translation of the entire insert. The exogenous 
translational control signals and initiation codons can be either natural or synthetic. The 
efficiency of expression may be enhanced by the inclusion of appropriate transcription enhancer 
elements. 

d. Host Cells 

[001 73] Host cells may be derived from prokaryotes or eukaryotes, including yeast cells, 
insect cells, and mammalian cells, depending upon whether the desired result is replication of 
the vector or expression of part or all of the vector-encoded nucleic acid sequences. Numerous 
cell lines and cultures are available for use as a host cell, and they can be obtained through the 
American Type Culture Collection (ATCC), which is an organization that serves as an archive 
for living cultures and genetic materials (wv^.atcc.org). An appropriate host can be determined 
by one of skill in the art based on the vector backbone and the desired result. A plasmid or 
cosmid, for example, can be introduced into a prokaryotic host cell for replication of many 
vector copies. Bacterial cells used as host cells for vector replication and/or expression include 
DH5o^ BL 21, JM109, and KC8, as well as a number of commercially available bacterial hosts 
such as SURE® Competent Cells and SOLOPACK Gold Cells (STRATAGENE®, La JoUa, 
Calif.). Alternatively, bacterial cells such as E. coli LE392 could be used as host cells. 
Appropriate yeast cells include Saccharomyces cerevisiae, Saccharomyces pombe^ and Pichia 
pastoris. 

[001 74] Examples of eukaryotic host cells for replication and/or expression of a vector 
include HeLa, Nffl3T3, Jurrat, 293, Cos, CHO, Saos, BHK, CI 27 and PC 12. Many host cells 
from various cell types and organisms are available and would be known to one of skill in the 
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art. Similarly, a viral vector may be used in conjunction with either a eukaryotic or prokaryotic 
host cell, particularly one that is permissive for replication or expression of the vector. 
[00175] Some vectors may employ control sequences that allow it to be replicated and/or 
expressed in both prokaryotic and eukaryotic cells. One of skill in the art would further 
understand the conditions under which to incubate all of the above described host cells to 
maintain them and to permit replication of a vector. Also understood and known are techniques 
and conditions that would allow large-scale production of vectors, as well as production of the 
nucleic acids encoded by vectors and/or their polypeptides, proteins, or peptides. 
[00176] It is proposed that vRNAP, or more particularly mini-vRNAP may be co- 
expressed with other selected proteinaceous molecules such as EcoSSB and other proteins of 
interest, wherein the proteinaceous molecules may be co-expressed in the same cell or vRNAP 
gene may be provided to a cell that already has another selected proteinaceous molecule. Co- 
expression may be achieved by co-transfecting the cell with two distinct recombinant vectors, 
each bearing a copy of either of the respective DNAs. Altematively, a single recombinant 
vector may be constructed to include the coding regions for both of the proteinaceous molecules, 
which could then be expressed in cells transfected with the single vector. In either event, the 
term "co-expression" herein refers to the expression of both the vRNAP gene and the other 
selected proteinaceous molecules in the same recombinant cell. 

[00177] As used herein, the terms "engineered" and "recombinant" cells or host cells are 
intended to refer to a cell into which an exogenous DNA segment or gene, such as a cDNA or 
gene encoding vRNAP, mini-vRNAP or a mutant thereof, has been introduced. Therefore, 
engineered cells are distinguishable from naturally occurring cells which do not contain a 
recombinantly introduced exogenous DNA segment or gene. Engineered cells are thus cells 
having a gene or genes introduced through the hand of man. Recombinant cells include those 
having an introduced cDNA or genomic gene, and also include genes positioned adjacent to a 
promoter not naturally associated with the particular introduced gene. 

[001 78] To express a recombinant vRNAP, whether mutant or wild-type, in accordance 
with the present invention one would prepare an expression vector that comprises a wild-type, or 
mutant vRNAP proteinaceous molecule-encoding nucleic acid under the control of one or more 
promoters. To bring a coding sequence "under the control of* a promoter, one positions the 5* 
end of the transcription initiation site of the transcriptional reading frame generally between 
about 1 and about 50 nucleotides "downstream" of the chosen promoter. The "upstream" 
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promoter directs transcription of the DNA and promotes expression of the encoded recombinant 
protein, pol j^jeptide or peptide. This is the meaning of "recombinant expression" in this context. 
[001 79] Many standard techniques are available to construct expression vectors 
containing the appropriate nucleic acids and transcriptional/translational control sequences in 
order to achieve protein, polypeptide or peptide expression in a variety of host expression 
systems. Ceil types available for expression include, but are not limited to, bacteria, such as E. 
coli and B. subtilis, transformed with recombinant bacteriophage DNA, plasmid DNA or cosmid 
DNA expression vectors. 

[00180] Certain examples of prokaryotic hosts are coil strain RRl, E. coli LE392, E, 
coli B, E. coli X 1776 (ATCC No. 31537) as well as E. coli W31 10 (F-, lambda-, prototrophic, 
ATCC No. 273325); bacilli such as Bacillus subtilis; and other enterobacteriaceae such as 
Salmonella typhimurium^ Serratia marcescens, and various Pseudomonas species. 
[00181] In general, plasmid vectors containing replicon and control sequences which are 
derived from species compatible with the host cell are used in connection with these hosts. The 
vector ordinarily carries a replication origin, as well as marking sequences which are capable of 
providing phenotypic selection in transformed cells. For example, E. coli is often transformed 
using derivatives of pBR322, a plasmid derived from an E. coli species. pBR322 contains genes 
for ampicillin and tetracycline resistance and thus provides easy means for identifying 
transformed cells. The pBR plasmid, or other microbial plasmid or phage must also contain, or 
be modified to contain, promoters which can be used by the microbial organism for expression 
of its own proteins, 

[001 82] In addition, phage vectors containing replicon and control sequences that are 
compatible with the host microorganism can be used as transforming vectors in connection with 
these hosts. For example, the phage lambda GEM™-1 1 may be utilized in making a 
recombinant phage vector which can be used to transform host cells, such as E, coli LE392. 
[001 83] Further usefiil vectors include pIN vectors; and pGEX vectors, for use in 
generating glutathione S-transferase (GST) soluble proteins for later purification and separation 
or cleavage. 

[001 84] The following details concerning recombinant protein production in bacterial 
cells, such as E. coli, are provided by way of exemplary information on recombinant protein 
production in general, the adaptation of which to a particular recombinant expression system 
will be known to those of skill in the art. 
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[00185] Bacterial cells, for example, E, coli^ containing the expression vector are grown 
in any of a number of suitable media, for example, LB. The expression of the recombinant 
proteinaceous molecule may be induced, e.g., by adding IPTG or any appropriate inducer to the 
media or by switching incubation to a higher temperature, depending on the regulated promoter 
used. After culturing the bacteria for a further period, generally of between 2 and 24 hours, the 
cells are collected by centrifugation and washed to remove residual media. 
[001 86] The bacterial cells are then lysed, for example, by disruption in a cell 
homogenizer, by sonication or cell press and centrifuged to separate the dense inclusion bodies 
and cell membranes from the soluble cell components. This centrifugation can be performed 
under conditions whereby the dense inclusion bodies are selectively enriched by incorporation 
of sugars, such as sucrose, into the buffer and centrifugation at a selective speed. 
[00187] If the recombinant proteinaceous molecule is expressed in the inclusion bodies, 
as is the case in many instances, these can be washed in any of several solutions to remove some 
of the contaminating host proteins, then solubilized in solutions containing high concentrations 
of urea (e.g., 8M) or chaotropic agents such as guanidine hydrochloride in the presence of 
reducing agents, such as /3-mercaptoethanol or DTT (dithiothreitol). 

[00188] Under some circumstances, it may be advantageous to incubate the proteinaceous 
molecule for several hours under conditions suitable for the proteinaceous molecule to undergo a 
refolding process into a conformation which more closely resembles that of the native 
proteinaceous molecule. Such conditions generally include low proteinaceous molecule 
concentrations, less than 500 mg/ml, low levels of reducing agent, concentrations of urea less 
than 2 M and often the presence of reagents such as a mixture of reduced and oxidized 
glutathione which facilitate the interchange of disulfide bonds within the proteinaceous 
molecule. 

[001 89] The refolding process can be monitored, for example, by SDS-PAGE, or with 
antibodies specific for the native molecule (which can be obtained from animals vaccinated with 
the native molecule or smaller quantities of recombinant proteinaceous molecule). Following 
refolding, the proteinaceous molecule can then be purified further and separated from the 
refolding mixture by chromatography on any of several supports including ion exchange resins, 
gel permeation resins or on a variety of affinity columns. 

[001 90] For expression in Saccharomyces, the plasmid YRp7, for example, is commonly 
used. This plasmid already contains the trpl gene which provides a selection marker for a 
mutant strain of yeast lacking the ability to grow in tryptophan, for example ATCC No. 44076 
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or PEP4-L The presence of the trpl lesion as a characteristic of the yeast host cell genome then 
provides an effective environment for detecting transformation by growth in the absence of 
tryptophan. 

[001 91 ] Suitable promoter sequences in yeast vectors include the promoters for 3- 
phosphoglycerate kinase or other glycolytic enzymes, such as enolase, glyceraldehyde-3- 
phosphate protein, hexokinase, pyruvate decarboxylase, phosphofructokinase, glucose-6- 
phosphate isomerase, 3 -phosphoglycerate mutase, pyruvate kinase, triosephosphate isomerase, 
phosphoglucose isomerase, and glucokinase. In constructing suitable expression plasmids, the 
termination sequences associated with these genes are also ligated into the expression vector 
downstream of the sequence desired to be expressed to provide polyadenylation of the mRNA 
and termination. 

[00192] In addition to micro-organisms, cultures of cells derived from multicellular 
organisms may also be used as hosts. In principle, any such cell culture is workable, whether 
from vertebrate or invertebrate culture. In addition to mammalian cells, these include insect cell 
systems infected with recombinant virus expression vectors (e.g., baculovirus); and plant cell 
systems infected with recombinant virus expression vectors (e.g., cauliflower mosaic virus, 
CaMV; tobacco mosaic virus, TMV) or transformed with recombinant plasmid expression 
vectors (e.g., Ti plasmid) containing one or more RNAP coding sequences. 
[001 93] Different host cells have characteristic and specific mechanisms for the post- 
translational processing and modification of proteinaceous molecules. Appropriate cells lines or 
host systems can be chosen to ensure the correct modification and processing of the foreign 
proteinaceous molecule expressed. 

[001 94] A number of viral-based expression systems may be utilized, for example, 
commonly used promoters are derived from polyoma. Adenovirus 2, and most frequently 
Simian Virus 40 (S V40). The early and late promoters of S V40 vims are particularly usefiil 
because both are obtained easily from the virus as a fragment which also contains the S V40 viral 
origin of replication. Smaller or larger SV40 fragments may also be used, provided there is 
included the approximately 250 bp sequence extending from the Hindlll site toward the Bgll 
site located in the viral origin of replication. 

[00195] In cases where an adenovirus is used as an expression vector, the coding 
sequences maybe ligated to an adenovirus transcription/translation control complex, e.g., the 
late promoter and tripartite leader sequence. This chimeric gene may then be inserted in the 
adenovirus genome by in vitro or in vivo recombination. Insertion in a non-essential region of 
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the viral genome (e.g., region El, E3, or E4) will result in a recombinant virus that is viable and 
capable of expressing an RNA in infected hosts. 

[001 96] Specific initiation signals may also be used for more efficient translation using 
the vRNAP of the current invention. These signals include the ATG initiation codon and 
adjacent sequences. Exogenous translational control signals, including the ATG initiation 
codon, may additionally need to be provided. One of ordinary skill in the art would readily be 
capable of determining this and providing the necessary signals. It is well known that the 
initiation codon must be in-frame (or in-phase) with the reading frame of the desired coding 
sequence to ensure translation of the entire insert. These exogenous translational control signals 
and initiation codons can be of a variety of origins, both natural and synthetic. The efficiency of 
expression may be enhanced by the inclusion of appropriate transcription enhancer elements and 
transcription terminators. 

[001 97] In eukaryotic expression, one will also typically desire to incorporate into the 
transcriptional unit an appropriate polyadenylation site (e.g., 5'-AATAAA-3') if one was not 
contained within the original cloned segment. Typically, the poly A addition site is placed about 
30 to 2000 nucleotides "downstream" of the termination site of the proteinaceous molecule at a 
position prior to transcription termination. 

[00198] For long-term, high- yield production of a recombinant vRNAP protein, 
polypeptide or peptide, stable expression is preferred. For example, cell lines that stably express 
constructs encoding a vRNAP protein, polypeptide or peptide may be engineered. Rather than 
using expression vectors that contain viral origins of replication, host cells can be transformed 
with vectors controlled by appropriate expression control elements (e.g., promoter, enhancer 
sequences, transcription terminators, polyadenylation sites, etc.), and a selectable marker. 
Following the introduction of foreign DNA, engineered cells may be allowed to grow for 1-2 
days in an enriched media, and then are switched to a selective media. The selectable marker in 
the recombinant plasmid confers resistance to the selection and allows cells to stably integrate 
the plasmid into their chromosomes and grow to form foci which in turn can be cloned and 
expanded into cell lines. 

[00199] A number of selection systems may be used, including, but not limited to, the 
herpes simplex virus thymidine kinase (tk), hypoxanthine-guanine phosphoribosyltransferase 
(hgprt) and adenine phosphoribosyltransferase (aprt) genes, in tk", hgprt" or aprt" cells, 
respectively. Also, antimetabolite resistance can be used as the basis of selection for 
dihydrofolate reductase (dhfr), that confers resistance to methotrexate; gpt, that confers 
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resistance to mycophenolic acid; neomycin (neo), that confers resistance to the aminoglycoside 
G-418; and hygromycin (hygro), that confers resistance to hygromycin. 
[00200] Large scale suspension culture of bacterial cells in stirred tanks is a common 
method for production of recombinant proteinaceous molecules. Two suspension culture reactor 
designs are in wide use— the stirred reactor and the airlift reactor. The stirred design has 
successfully been used on an 8000 liter capacity for the production of interferon. Cells are 
grown in a stainless steel tank with a height-to-diameter ratio of 1 : 1 to 3 : 1 . The culture is 
usually mixed with one or more agitators, based on bladed disks or marine propeller patterns. 
Agitator systems offering less shear forces than blades have been described. Agitation may be 
driven either directly or indirectly by magnetically coupled drives. Indirect drives reduce the risk 
of microbial contamination through seals on stirrer shafts. 

[00201] The airlift reactor for microbial fermentation relies on a gas stream to both mix 
and oxygenate the culture. The gas stream enters a riser section of the reactor and drives 
circulation. Gas disengages at the culture surface, causing denser liquid free of gas bubbles to 
travel downward in the downcomer section of the reactor. The main advantage of this design is 
the simplicity and lack of need for mechanical mixing. Typically, the height-to-diameter ratio is 
10:1. The airlift reactor scales up relatively easily, has good mass transfer of gases and 
generates relatively low shear forces. 

[00202] It is contemplated that the vRNAP proteins, polypeptides or peptides of the 
invention may be "overexpressed," i.e., expressed in increased levels relative to its natural 
expression in cells. Such overexpression may be assessed by a variety of methods, including 
radio-labeling and/or proteinaceous molecule purification. However, simple and direct methods 
are preferred, for example, those involving SDS/PAGE and proteinaceous composition staining 
or western blotting, followed by quantitative analyses, such as densitometric scanning of the 
resultant gel or blot. A specific increase in the level of the recombinant protein, polypeptide or 
peptide in comparison to the level in natural cells is indicative of overexpression, as is a relative 
abundance of the specific proteinaceous molecule in relation to the other proteins produced by 
the host cell and, e.g., visible on a gel. 

IV. Methods of Gene Transfer 

[00203] In order to mediate the effect of transgene expression in a cell, it will be 
necessary to transfer the expression constructs (e.g., a therapeutic construct) of the present 
invention into a cell. Such transfer may employ viral or non-viral methods of gene transfer. 
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This section provides a discussion of methods and compositions of gene or nucleic acid transfer, 
including transfer of antisense sequences. 

[00204] The vRNAP genes are incorporated into a viral vector to mediate gene transfer to 
a cell. Additional expression constructs encoding EcoSSB and other therapeutic agents as 
described herein may also be transferred via viral transduction using infectious viral particles, 
for example, by transformation with an adenovirus vector of the present invention. 
Alternatively, a retrovirus, bovine papilloma virus, an adeno-associated virus (AAV), a lentiviral 
vector, a vaccinia virus, a polyoma virus, or an infective virus that has been engineered to 
express a specific binding ligand may be used. Similarly, nonviral methods which include, but 
are not limited to, direct delivery of DNA such as by injection, electroporation, calcium 
phosphate precipitation, liposome mediated transfection, and microprojectile bombardment may 
be employed. Thus, in one example, viral infection of cells is used in order to deliver 
therapeutically significant genes to a cell. Typically, the virus simply will be exposed to the 
appropriate host cell under physiologic conditions, permitting uptake of the virus. 
[00205] Microinjection can be used for delivery into a cell. Microinjection involves the 
insertion of a substance such as RNA into a cell through a microelectrode. Typical applications 
include the injection of drugs, histochemical markers (such as horseradish peroxidase or lucifer 
yellow) and RNA or DNA in molecular biological studies. To extrude the substances through 
the very fine electrode tips, either hydrostatic pressure (pressure injection) or electric currents 
(ionophoresis) is employed. 

V. Proteinaceous Compositions 

[00206] In certain embodiments, the present invention concems novel compositions or 
methods comprising at least one proteinaceous molecule. The proteinaceous molecule may have 
a sequence essentially as set forth in SEQ ID NO:2, 4, 6, 8 or 15. The proteinaceous molecule 
may be a vRNAP or more preferably a mini-vRNAP, or a delivery agent. The proteinaceous 
molecule may also be a mutated mini-vRNAP. 

[00207] As used herein, a "proteinaceous molecule," "proteinaceous composition," 
"proteinaceous compound," "proteinaceous chain" or "proteinaceous material" generally refers 
to, but is not limited to, a protein of greater than about 200 amino acids or the full length 
endogenous sequence translated fi-om a gene; a polypeptide of greater than about 100 amino 
acids; and/or a peptide of fi-om about 3 to about 100 amino acids. All the "proteinaceous" terms 
described above may be used interchangeably herein. 
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[00208] In certain embodiments the size of the at least one proteinaceous molecule may 
comprise, but is not limited to, about 1, about 2, about 3, about 4, about 5, about 6, about 7, 
about 8, about 9, about 10, about 11, about 12, about 13, about 14, about 15, about 16, about 17, 
about 18, about 19, about 20, about 21, about 22, about 23, about 24, about 25, about 26, about 
27, about 28, about 29, about 30, about 31, about 32, about 33, about 34, about 35, about 36, 
about 37, about 38, about 39, about 40, about 41, about 42, about 43, about 44, about 45, about 
46, about 47, about 48, about 49, about 50, about 51, about 52, about 53, about 54, about 55, 
about 56, about 57, about 58, about 59, about 60, about 61, about 62, about 63, about 64, about 
65, about 66, about 67, about 68, about 69, about 70, about 71, about 72, about 73, about 74, 
about 75, about 76, about 77, about 78, about 79, about 80, about 81, about 82, about 83, about 
84, about 85, about 86, about 87, about 88, about 89, about 90, about 91, about 92, about 93, 
about 94, about 95, about 96, about 97, about 98, about 99, about 100, about 1 10, about 120, 
about 130, about 140, about 150, about 160, about 170, about 180, about 190, about 200, about 
210, about 220, about 230, about 240, about 250, about 275, about 300, about 325, about 350, 
about 375, about 400, about 425, about 450, about 475, about 500, about 525, about 550, about 
575, about 600, about 625, about 650, about 675, about 700, about 725, about 750, about 775, 
about 800, about 825, about 850, about 875, about 900, about 925, about 950, about 975, about 
1000, about 1100, about 1200, about 1300, about 1400, about 1500, about 1750, about 2000, 
about 2250, about 2500 or greater amino molecule residues, and any range derivable therein. 
[00209] As used herein, an "amino molecule" refers to any amino acid, amino acid 
derivative or amino acid mimic as would be known to one of ordinary skill in the art. In certain 
embodiments, the residues of the proteinaceous molecule are sequential, without any non-amino 
molecule interrupting the sequence of amino molecule residues. In other embodiments, the 
sequence may comprise one or more non-amino molecule moieties. In particular embodiments, 
the sequence of residues of the proteinaceous molecule may be interrupted by one or more non- 
amino molecule moieties. 

[0021 0] Accordingly, the term "proteinaceous composition" encompasses amino molecule 
sequences comprising at least one of the 20 common amino acids in naturally synthesized 
proteins, or at least one modified or unusual amino acid, including but not limited to the 
following, beginning with the corresponding abbreviation: Aad 2-Aminoadipic acid; EtAsn N- 
Ethylasparagine; Baad 3-Aminoadipic acid; Hyl Hydroxylysine; Bala /3-alanine, jS- Amino- 
propionic acid; AHyl allo-Hydroxylysine; Abu 2-Aminobutyric acid; 3Hyp 3-Hydroxyproline; 
4Abu 4-Aminobutyric acid, piperidinic; 4Hyp 4-Hydroxy-proline acid; Acp 6-Aminocaproic 
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acid; Ide Isodesmosine; Ahe 2-Amino-heptanoic acid; Alle allo-Isoleucine; Aib 2- 
Aminoisobutyric acid; MeGly N-Methylglycine, sarcosine; Baib 3-Aininoisobutyric acid; Melle 
N-Methylisoleucine; Apm 2-Aminopimelic acid; MeLys 6-N-'Methyllysine; Dbu 2,4- 
Diaminobutyric acid; MeVal N-Methylvaline; Des Desmosine; Nva Norvaline; Dpm 2,2'- 
Diaminopimelic acid; Nle Norleucine; Dpr 2,3-Diaminopropionic acid; Om Ornithine EtGly N- 
Ethylglycine. 

[0021 1] In certain embodiments the proteinaceous composition comprises at least one 
protein, polypeptide or peptide, such as vRNAP or mini-vRNAP. In further embodiments the 
proteinaceous composition comprises a biocompatible protein, polypeptide or peptide. As used 
herein, the term "biocompatible" refers to a substance which produces no significant untoward 
effects when applied to, or administered to, a given organism according to the methods and 
amounts described herein. Such untoward or undesirable effects are those such as significant 
toxicity or adverse immunological reactions. In preferred embodiments, biocompatible protein, 
polypeptide or peptide containing compositions will generally be mammalian proteins or 
peptides or synthetic proteins or peptides each essentially fi-ee firom toxins, pathogens and 
harmful immimogens. 

[00212] Proteinaceous compositions may be made by any technique known to those of 
skill in the art, including the expression of proteins, polypeptides or peptides through standard 
molecular biological techniques, the isolation of proteinaceous compounds from natural sources, 
or the chemical synthesis of proteinaceous materials. The nucleotide and protein, polypeptide 
and peptide sequences for various genes have been previously disclosed, and may be found at 
computerized databases known to those of ordinary skill in the art. One such database is the 
National Center for Biotechnology Information's Genbank and GenPept databases 
(http://www.ncbi.nlm.nih.gov/). The coding regions for these known genes may be amplified 
and/or expressed using the techniques disclosed herein or as would be know to those of ordinary 
skill in the art.^ Altematively, various commercial preparations of proteins, polypeptides and 
peptides are known to those of skill in the art. 

[0021 3] In certain embodiments, a proteinaceous compound may be purified. Generally, 
"purified" will refer to a specific or desired protein, polypeptide, or peptide composition that has 
been subjected to fi*actionation to remove various other proteins, pol>peptides, or peptides, and 
which composition substantially retains its activity, as may be assessed, for example, by the 
protein assays, as would be known to one of ordinary skill in the art for the specific or desired 
protein, polypeptide or peptide. 
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[00214] In certain embodiments, the proteinaceous composition may comprise at least one 
antibody. A mini-vRNAP antibody may comprise all or part of an antibody that specifically 
recognizes mini-vRNAP. As used herein, the term "antibody" is intended to refer broadly to any 
immunologic binding agent such as IgG, IgM, IgA, IgD and IgE. Generally, IgG and/or IgM are 
preferred because they are the most common antibodies in the physiological situation and 
because they are most easily made in a laboratory setting. 

[0021 5] The term "antibody" is used to refer to any antibody-like molecule that has an 
antigen binding region, and includes antibody fragments such as Fab', Fab, F(ab*)2, single 
domain antibodies (DABs), Fv, scFv (single chain Fv), and the like. The techniques for 
preparing and using various antibody-based constracts and fragments are well known in the art. 
Means for preparing and characterizing antibodies are also well known in the art (See, e.g.. 
Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory, 1988; incorporated herein 
by reference). 

[0021 6] It is contemplated that virtually any protein, polypeptide or peptide containing 
component may be used in the compositions and methods disclosed herein. However, it is 
preferred that the proteinaceous material is biocompatible. In certain embodiments, it is 
envisioned that the formation of a more viscous composition will be advantageous in that the 
high viscosity will allow the composition to be more precisely or easily applied to the tissue and 
to be maintained in contact with the tissue throughout the procedure. In such cases, the use of a 
peptide composition, or more preferably, a polypeptide or protein composition, is contemplated. 
Ranges of viscosity include, but are not limited to, about 40 to about 100 poise. In certain 
aspects, a viscosity of about 80 to about 100 poise is preferred. 

[0021 7] Proteins and peptides suitable for use in this invention may be autologous 
proteins or peptides, although the invention is clearly not limited to the use of such autologous 
proteins. As used herein, the term "autologous protein, polypeptide or peptide" refers to a 
protein, polypeptide or peptide which is derived or obtained from an organism. Organisms that 
may be used include, but are not limited to, a bovine, a reptilian, an amphibian, a piscine, a 
rodent, an avian, a canine, a feline, a fungal, a plant, or a prokaryotic organism, with a selected 
animal or human subject being preferred. The "autologous protein, polypeptide or peptide" may 
then be used as a component of a composition intended for application to the selected animal or 
human subject. In certain aspects, the autologous proteins or peptides are prepared, for example 
from whole plasma of the selected donor. The plasma is placed in tubes and placed in a freezer 
at about -80° C for at least about 12 hours and then centrifiiged at about 12,000 times g for about 
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15 minutes to obtain the precipitate. The precipitate, such as fibrinogen may be stored for up to 
about one year. 



VI. Protein Purification 

[0021 8] To prepare a composition comprising a vRNAP or mini-vRNAP, it is desirable to 
purify the components or variants thereof Purification of the mini-vRNAP (SEQ ID NO:4) can 
be done in two step using affinity columns. The mini-vRNAP of SEQ ID NO:6 has been 
modified to comprise a His tag such that purification can be done in a single step when using 
metal affinity columns such as those which employ nickel, cobalt or zinc. The fiill length 
vRNAP of SEQ ID NO: 15 is also His tagged for purification. 

[00219] According to one embodiment of the present invention, purification of a peptide 
comprising vRNAP can be utilized ultimately to operatively link this domain with a selective 
agent. Protein purification techniques are well known to those of skill in the art. These 
techniques involve, at one level, the crude fi-actionation of the cellular milieu to polypeptide and 
non-polypeptide fi-actions. Having separated the polypeptide fi-om other proteins, the 
polypeptide of interest may be fiirther purified using chromatographic and electrophoretic 
techniques to achieve partial or complete purification (or purification to homogeneity). 
Analytical methods particularly suited to the preparation of a pure peptide are ion-exchange 
chromatography, exclusion chromatography; polyacrylamide gel electrophoresis; isoelectric 
focusing. A particularly efficient method of purifying peptides is affinity chromatography, 
[00220] A tag may be used for protein or peptide purification and detection such as 
hexahistidine (6-His, HHHHHH), FLAG (DYKDDDDK), hemaglutinin (HA, YPYDVPDYA) 
and c-myc (EQKLISEEDL). Other tags also have been generated, most of which are very small, 
comprising only a few amino acids, and are therefore likely to have little to no effect on the 
conformation of the mature protein or peptide. These small tags do not require any special 
conformation to be recognized by antibodies. Systems for protein purification using these tags 
include NTA resin (6-His) or the FLAG fiision system marketed by IBI (FLAG) where the 
fiision protein is affinity-purified on an antibody colxunn. 

[00221] Certain aspects of the present invention concern the purification, and in particular 
embodiments, the substantial purification, of an encoded protein or peptide, such as a vRNAP. 
The term "purified protein or peptide" as used herein, is intended to refer to a composition, 
isolatable fi-om other components, wherein the protein or peptide is purified to any degree 
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relative to its naturally-obtainable state. A purified protein or peptide therefore also refers to a 
protein or peptide, free from the environment in which it may naturally occur. 
[00222] Generally, "purified" will refer to a protein or peptide composition, such as the 
vRNAP, that has been subjected to fractionation to remove various other components, and which 
composition substantially retains its expressed biological activity. Where the term "substantially 
purified" is used, this designation will refer to a composition in which the protein or peptide 
forms the major component of the composition, such as constituting about 50%, about 60%, 
about 70%, about 80%, about 90%, about 95% or more of the proteins in the composition. 
[00223] Various methods for quantifying the degree of purification of the protein or 
peptide will be known to those of skill in the art in light of the present disclosure. These 
include, for example, determining the specific activity of an active fraction, or assessing the 
amount of polypeptides within a fraction by SDS/PAGE analysis. A preferred method for 
assessing the purity of a fraction is to calculate the specific activity of the fraction, to compare it 
to the specific activity of the initial extract, and to thus calculate the degree of purity, herein 
assessed by a "-fold purification" number. The actual xmits used to represent the amount of 
activity will, of course, be dependent upon the particular assay technique chosen to follow the 
purification and whether or not the expressed protein or peptide exhibits a detectable activity. 
[00224] Various techniques suitable for use in protein purification will be well known to 
those of skill in the art. These include, for example, precipitation with ammonium sulphate, 
PEG, antibodies and the like or by heat denaturation, followed by centrifiigation; 
chromatography steps such as ion exchange, gel filtration, reverse phase, hydroxylapatite and 
affinity chromatography; isoelectric focusing; gel electrophoresis; and combinations of such and 
other techniques. As is generally known in the art, it is believed that the order of conducting the 
various purification steps may be changed, or that certain steps may be omitted, and still result 
in a suitable method for the preparation of a substantially purified protein or peptide. 
[00225] There is no general requirement that the protein or peptide always be provided in 
their most purified state. Indeed, it is contemplated that less substantially purified products will 
have utility in certain embodiments. Partial purification may be accomplished by using fewer 
purification steps in combination, or by utilizing different fomis of the same general purification 
scheme. For example, it is appreciated that a cation-exchange column chromatography 
performed utilizing an HPLC apparatus will generally result in a greater "-fold" purification than 
the same technique utilizing a low pressure chromatography system. Methods exhibiting a 
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lower degree of relative purification may have advantages in total recovery of protein product, 
or in maintaining the activity of an expressed protein. 

[00226] It is known that the migration of a polypeptide can vary, sometimes significantly, 
with different conditions of SDS/PAGE. It will therefore be appreciated that under diflfering 
electrophoresis conditions, the apparent molecular weights of purified or partially purified 
expression products may vary. 

[00227] Ion exchange chromatography is a preferred method of separation. Using 
columns resins such as the metal affinity chromatography resin TALON are also preferred. 
TALON resin has an enhanced resolving power for polyhistidine-tagged proteins. This results 
in greater purity with less effort. TALON employs cobalt, an electropositive metal with a 
remarkably high affinity for polyhistidine-tagged proteins and a low affinity for other proteins. 
Often, no discemible binding of host proteins occurs and a separate wash step is not required. 
The binding properties of cobalt allow protein elution xmder mild pH conditions that protect 
protein integrity. 

[00228] Further concentration of the proteins can be done on an anion exchange column, 
such as the MonoQ column, a high resolution, anion exchange column. This column works at 
pressures less than 5 MPa, has a high capacity and gives very high chromatographic resolution. 
[00229] High Performance Liquid Chromatography (HPLC) is characterized by a very 
rapid separation with extraordinary resolution of peaks. This is achieved by the use of very fine 
particles and high pressure to maintain an adequate flow rate. Separation can be accomplished 
in a matter of minutes, or at most an hour. Moreover, only a very small volume of the sample is 
needed because the particles are so small and close-packed that the void volume is a very small 
fraction of the bed volume. Also, the concentration of the sample need not be very great 
because the bands are so narrow that there is very little dilution of the sample. 
[00230] Gel chromatography, or molecular sieve chromatography, is a special type of 
partition chromatography that is based on molecular size. The theory behind gel 
chromatography is that the column, which is prepared with tiny particles of an inert substance 
that contain small pores, separates larger molecules from smaller molecules as they pass through 
or around the pores, depending on their size. As long as the material of which the particles are 
made does not adsorb the molecules, the sole factor determining rate of flow is the size. Hence, 
molecules are eluted from the column in decreasing size, so long as the shape is relatively 
constant. Gel chromatography is unsurpassed for separating molecules of different size because 
separation is independent of all other factors such as pH, ionic strength, temperature, etc. There 
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also is virtually no adsorption, less zone spreading and the elution volume is related in a simple 
matter to molecular weight. 

[00231] Affinity chromatography, a particularly efficient method of purifying peptides, is 
a chromatographic procedure that relies on the specific affinity between a substance to be 
isolated and a molecule that it can specifically bind to. This is a receptor-ligand type interaction. 
The column material is synthesized by covalently coupling one of the binding partners to an 
insoluble matrix. The column material is then able to specifically adsorb the substance from the 
solution. Elution occurs by changing the conditions to those in which binding will not occur 
(e.g., alter pH, ionic strength, and temperature). Tags, as described herein above, can be used in 
affinity chromatography. 

[00232] The matrix should be a substance that itself does not adsorb molecules to any 
significant extent and that has a broad range of chemical, physical and thermal stability. The 
ligand should be coupled in such a way as to not affect its binding properties. The ligand also 
should provide relatively tight binding, and it should be possible to elute the substance without 
destroying the sample or the ligand. One of the most common forms of affinity chromatography 
is immunoaffinity chromatography. The generation of antibodies that would be suitable for use 
in accordance with the present invention is discussed below. 

[00233] An affinity column may have an N4 promoter which the vRNAP or mini-vRNAP 
proteins recognize attached to a matrix. This column would be suitable for use for the 
purification of polymerases with no additional tags such as histidine tags. 

VII. Separation, Quantitation, and Identification Methods 

[00234] Following synthesis of the RNA, it may be desirable to separate the amplification 
products of several different lengths fi*om each other and from the template and the excess 
primer. 

a. Gel Electrophoresis 

[00235] In one embodiment, amplification products are separated by agarose, agarose- 
acrylamide or polyacrylamide gel electrophoresis using standard methods. 

b. Chromatographic Techniques 

[00236] Altematively, chromatographic techniques may be employed to effect separation. 

There are many kinds of chromatography which may be used in the present invention: 

adsorption, partition, ion-exchange and molecular sieve, and many specialized techniques for 
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using them including column, paper, thin-layer and gas chromatography. In yet another 
alternative, labeled cDNA products, such as biotin-labeled or antigen-labeled, can be captured 
with beads bearing avidin or antibody, respectively. 

c. Microfluidic Techniques 

[00237] Microfluidic techniques include separation on a platform such as 
microcapillaries, designed by ACLARA Biosciences Inc., or the LabChip™ "liquid integrated 
circuits" made by Caliper Technologies Inc. These microfluidic platforms require only nanoiiter 
volumes of sample, in contrast to the microliter volumes required by other separation 
technologies. Miniaturizing some of the processes involved in genetic analysis has been 
achieved using microfluidic devices. For example, published PCT Application No. WO 
94/05414, to Northrup and White, incorporated herein by reference, reports an integrated micro- 
PCR apparatus for collection and amplification of nucleic acids from a specimen. U.S. Pat. Nos. 
5,304,487 to Wilding et al., and 5,296,375 to Kricka et al., discuss devices for collection and 
analysis of cell containing samples and are incorporated herein by reference. U.S. Pat. No. 
5,856,174 describes an apparatus which combines the various processing and analytical 
operations involved in nucleic acid analysis and is incorporated herein by reference. 

d. Capillarv Electrophoresis 

[00238] In some embodiments, it may be desirable to provide an additional, or alternative 
means for analyzing the amplified genes. In these embodiments, micro capillary arrays are 
contemplated to be used for the analysis. 

[00239] Microcapillary array electrophoresis generally involves the use of a thin capillary 
or channel which may or may not be filled with a particular separation medium. Electrophoresis 
of a sample through the capillary provides a size based separation profile for the sample. 
Microcapillary array electrophoresis generally provides a rapid method for size-based 
sequencing, PGR product analysis and restriction fragment sizing. The high surface to volume 
ratio of these capillaries allows for the application of higher electric fields across the capillary 
without substantial thermal variation across the capillary, consequently allowing for more rapid 
separations. Furthermore, when combined with confocal imaging methods, these methods 
provide sensitivity in the range of attomoles, which is comparable to the sensitivity of 
radioactive sequencing methods. Typically, these methods comprise photolithographic etching 
of micron scale channels on a silica, silicon or other crystalline substrate or chip, and can be 
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readily adapted for use in the present invention. In some embodiments, the capillary arrays may 
be fabricated from the same polymeric materials described for the fabrication of the body of the 
device, using the injection molding techniques described herein. 

[00240] Rectangular capillaries are known as an altemative to the cylindrical capillary 
glass tubes. Some advantages of these systems are their efficient heat dissipation due to the 
large height-to-width ratio and, hence, their high surface-to-volume ratio and their high detection 
sensitivity for optical on-column detection modes. These flat separation channels have the 
ability to perform two-dimensional separations, with one force being applied across the 
separation channel, and with the sample zones detected by the use of a multi-channel array 
detector. 

[00241] In many capillary electrophoresis methods, the capillaries, e.g., fused silica 
capillaries or channels etched, machined or molded into planar substrates, are filled with an 
appropriate separation/sieving matrix. Typically, a variety of sieving matrices are known in the 
art may be used in the microcapillary arrays. Examples of such matrices include, e.g., 
hydroxyethyl cellulose, polyacrylamide, agarose and the like. Generally, the specific gel matrix, 
running buffers and running conditions are selected to maximize the separation characteristics of 
the particular application, e.g., the size of the nucleic acid fi-agments, the required resolution, and 
the presence of native or undenatured nucleic acid molecules. For example, running buffers may 
include denaturants, chaotropic agents such as urea or the like, to denature nucleic acids in the 
sample. 

e. Mass Spectroscopy 

[00242] Mass spectrometry provides a means of "weighing" individual molecules by 
ionizing the molecules in vacuo and making them "fly" by volatilization. Under the influence of 
combinations of electric and magnetic fields, the ions follow trajectories depending on their 
individual mass (m) and charge (z). For low molecular weight molecules, mass spectrometry 
has been part of the routine physical-organic repertoire for analysis and characterization of 
organic molecules by the determination of the mass of the parent molecular ion. In addition, by 
arranging collisions of this parent molecular ion with other particles (e.g., argon atoms), the 
molecular ion is fi^agmented forming secondary ions by the so-called collision induced 
dissociation (CID). The fi-agmentation pattern/pathway very often allows the derivation of 
detailed structural information. Other applications of mass spectrometric methods known in the 
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art can be found summarized in Methods in Enzvmology, Vol. 193: "Mass Spectrometry" (J. A. 
McCloskey, editor), 1990, Academic Press, New York. 

[00243] Due to the apparent analytical advantages of mass spectrometry in providing high 
detection sensitivity, accuracy of mass measurements, detailed structural information by CID in 
conjunction with an MS/MS configuration and speed, as well as on-line data transfer to a 
computer, there has been considerable interest in the use of mass spectrometry for the structural 
analysis of nucleic acids. The biggest hurdle to applying mass spectrometry to nucleic acids is 
the difficulty of volatilizing these very polar biopolymers. Therefore, "sequencing" had been 
limited to low molecular weight synthetic oligonucleotides by detemiining the mass of the 
parent molecular ion and through this, confirming the already known sequence, or alternatively, 
confirming the known sequence through the generation of secondary ions (fi'agment ions) via 
CID in an MS/MS configuration utilizing, in particular, for the ionization and volatilization, the 
method of fast atomic bombardment (FAB mass spectrometry) or plasma desorption (PD mass 
spectrometry). 

[00244] Two ionization/desorption techniques are electrospray/ionspray (ES) and matrix- 
assisted laser desorption/ionization (MALDI). As a mass analyzer, a quadrupole is most 
fi-equently used. The determination of molecular weights in femtomole amounts of sample is 
very accurate due to the presence of multiple ion peaks, which all could be used for the mass 
calculation. 

[00245] MALDI mass spectrometry, in contrast, can be particularly attractive when a 
time-of-flight (TOF) configuration is used as a mass analyzer. Since, in most cases, no multiple 
molecular ion peaks are produced with this technique, the mass spectra, in principle, look 
simpler compared to ES mass spectrometry. DNA molecules up to a molecular weight of 
410,000 Daltons could be desorbed and volatilized. More recently, the use of infi-a red lasers 
(ER) in this technique (as opposed to UV-lasers) has been shown to provide mass spectra of 
larger nucleic acids such as synthetic DNA, restriction enzyme fi'agments of plasmid DNA, and 
RNA transcripts up to a size of 2180 nucleotides. 

[00246] In Japanese Patent No. 59-13 1909, an instrument is described which detects 
nucleic acid fragments separated either by electrophoresis, liquid chromatography or high speed 
gel filtration. Mass spectrometric detection is achieved by incorporating into the nucleic acids 
atoms which normally do not occur in DNA such as S, Br, I or Ag, Au, Pt, Os, Hg. 
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f. Energy Transfer 

[00247] Labeling hybridization oligonucleotide probes with fluorescent labels is a well 
known technique in the art and is a sensitive, nonradioactive method for facilitating detection of 
probe hybridization. More recently developed detection methods employ the process of 
fluorescence energy transfer (FET) rather than direct detection of fluorescence intensity for 
detection of probe hybridization. FET occurs between a donor fluorophore and an acceptor dye 
(which may or may not be a fluorophore) when the absorption spectrum of one (the acceptor) 
overlaps the emission spectrum of the other (the donor) and the two dyes are in close proximity. 
Dyes with these properties are referred to as donor/acceptor dye pairs or energy transfer dye 
pairs. The excited-state energy of the donor fluorophore is transferred by a resonance dipole- 
induced dipole interaction to the neighboring acceptor. This results in quenching of donor 
fluorescence. In some cases, if the acceptor is also a fluorophore, the intensity of its 
fluorescence may be enhanced. The efficiency of energy transfer is highly dependent on the 
distance between the donor and acceptor, and equations predicting these relationships have been 
developed. The distance between donor and acceptor dyes at which energy transfer efficiency is 
50% is referred to as the Forster distance (Ro)- Other mechanisms of fluorescence quenching 
are also known including, for example, charge transfer and collisional quenching. 
[00248] Energy transfer and other mechanisms which rely on the interaction of two dyes 
in close proximity to produce quenching are an attractive means for detecting or identifying 
nucleotide sequences, as such assays may be conducted in homogeneous formats. 
Homogeneous assay formats are simpler than conventional probe hybridization assays which 
rely on detection of the fluorescence of a single fluorophore label, as heterogeneous assays 
generally require additional steps to separate hybridized label from free label. 
[00249] Homogeneous methods employing energy transfer or other mechanisms of 
fluorescence quenching for detection of nucleic acid amplification have also been described. 
Higuchi et al.. Biotechnology 10:413-417 (1992) disclose methods for detecting DNA 
amplification in real-time by monitoring increased fluorescence of ethidium bromide as it binds 
to double-stranded DNA. The sensitivity of this method is limited because binding of the 
ethidium bromide is not target specific and background amplification products are also detected. 
WO 96/21 144 discloses continuous fluorometric assays in which enzyme-mediated cleavage of 
nucleic acids results in increased fluorescence. Fluorescence energy transfer is suggested for use 
in the methods, but only in the context of a method employing a single fluorescent label which is 
quenched by hybridization to the target. 
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[00250] Signal primers or detector probes which hybridize to the target sequence 
downstream of the hybridization site of the amplification primers have been described for use in 
detection of nucleic acid amplification (U.S. Pat. No. 5,547,861). The signal primer is extended 
by the polymerase in a manner similar to extension of the amplification primers. Extension of 
the amplification primer displaces the extension product of the signal primer in a target 
amplification-dependent manner, producing a double-stranded secondary amplification product 
which may be detected as an indication of target amplification. The secondary amplification 
products generated fi-om signal primers may be detected by means of a variety of labels and 
reporter groups, restriction sites in the signal primer which are cleaved to produce fi-agments of a 
characteristic size, capture groups, and structural features such as triple helices and recognition 
sites for double-stranded DNA binding proteins. 

[00251] Many donor/acceptor dye pairs known in the art and may be used in the present 
invention. These include, for example, fluorescein isothiocyanate (FITC)/tetramethylrhodamine 
isothiocyanate (TRITC), FITC/Texas Red (Molecular Probes), FITC/N-hydroxysuccinimidyl 1- 
pyrenebutyrate (PYB), FITC/eosin isothiocyanate (EITC), N-hydroxysuccinimidyl 1- 
pyrenesulfonate (PYS)/FITC, FITC/Rhodamine X, FITC/tetramethylrhodamine (TAMRA), and 
others. The selection of a particular donor/acceptor fluorophore pair is not critical. For energy 
transfer quenching mechanisms, it is only necessary that the emission wavelengths of the donor 
fluorophore overlap the excitation wavelengths of the acceptor, i.e., there must be sufficient 
spectral overlap between the two dyes to allow efficient energy transfer, charge transfer or 
fluorescence quenching. P-(dimethyl aminophenylazo) benzoic acid (DABCYL) is a non- 
fluorescent acceptor dye which effectively quenches fluorescence firom an adjacent fluorophore, 
e.g., fluorescein or 5-(2 -aminoethyl) aminonaphthalene (EDANS). Any dye pair which 
produces fluorescence quenching in the detector nucleic acids of the invention are suitable for 
use in the methods of the invention, regardless of the mechanism by which quenching occurs. 
Terminal and intemal labeling methods are both known in the art and may be routinely used to 
link the donor and acceptor dyes at their respective sites in the detector nucleic acid. 

g. . In Vitro Studies 

[00252] The synthesized RNA of the current invention may be used for in vitro studies of 
spliceosome assembly, splicing reactions, or antisense experiments. 

[00253] The spliceosome is a large, multisubunit complex consisting of small, nuclear 
ribonucleoprotein particles (snRNPs). There are a total of 5 snRNAs: Ul, U2, U4, U5, and U6 
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which are small and uridine rich. Each snRNP has 1 or 2 of these RNAs. In addition to 
catalyzing the splicing reaction, the spliceosome retains intermediate products, positions splice 
sites for precise joining of the exons, and prevents exons from diffusing away after cleavage and 
before ligation. Spliceosome catalysis involves concerted cleavage/ligation reactions in which 
the 2*-OH of branch site A attacks the 5' splice site to form a 2'-5' phosphodiester bond with the 
first nucleotide of the intron. The resulting 3*-OH at the end of the 5' axon attacks the 3' splice 
site to release the lariat form of the intron and join the two exons together with a normal 3*-5' 
phosphodiester bond. At least 50 different proteins are involved in spliceosome assembly and 
function. In the group I and group II introns, splicing is improved (in velocity and accuracy) by 
protein factors. 

VIII. Methods for Making Transcription Products Corresponding to a Target Nucleic Acid 
Se quence 

[00254] In one aspect, the invention comprises a method for making a transcription 
product corresponding to a target nucleic acid sequence, the method comprising: (a) obtaining 
an RNA polymerase that can transcribe RNA using a single-stranded promoter; (b) obtaining a 
single-stranded DNA wherein the single-stranded DNA comprises a target nucleic sequence that 
is present in or complementary to at least a portion of a target nucleic acid in a sample; (c) 
obtaining a ssDNA transcription substrate by operably joining to the single-stranded DNA a 
single-stranded polynucleotide comprising a promoter sequence that binds the RNA polymerase; 
(d) obtaining nucleoside triphosphates (NTPs) that are substrates for the RNA polymerase and 
that are complementary to the canonical nucleic acid bases; (e) admixing the RNA polymerase, 
the ssDNA transcription substrate and the NTPs; and (f) incubating the RNA polymerase and the 
ssDNA transcription substrate under conditions effective to allow synthesis of transcription 
product. 

[00255] In yet another embodiment, the invention comprises a method for obtaining 
additional rounds of synthesis of a transcription product corresponding to a target nucleic acid 
sequence, the method comprising: (a) obtaining a first transcription product by transcription of a 
first ssDNA transcription substrate corresponding to a target nucleic acid sequence; (b) 
obtaining a reverse transcriptase; (c) reverse transcribing the first transcription product; (d) 
obtaining first-strand cDNA complementary to the first transcription product; (e) obtaining a 
second ssDNA transcription substrate by operably joining to the first-strand cDNA a single- 
stranded polynucleotide comprising a promoter sequence that binds an RNA polymerase that 

can ranscribe RNA using a single-stranded promoter; (f) obtaining an RNA polymerase that can 
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transcribe RNA using a single-stranded promoter; (g) obtaining nucleoside triphosphates (NTPs) 
that are substrates for the RNA polymerase; (h) admixing the RNA polymerase, the second 
ssDNA transcription substrate and the NTPs; and (i) incubating the RNA polymerase and the 
second ssDNA transcription substrate under conditions effective to allow synthesis of a second 
transcription product. This method for obtaining additional rounds of synthesis of transcription 
product can be repeated in a stepwise manner to obtain synthesis of still more transcription 
products. Alternatively, in other embodiments, the invention comprises continuous 
transcription, wherein additional ssDNA transcription substrates are obtained continuously by 
reverse transcription of transcription products to obtain first-strand cDNA and operable joining 
of a promoter to the first-strand cDNA, and wherein, the additional ssDNA transcriptional 
substrates are used to make more transcription products. 

[00256] The invention comprises use of any polymerase that synthesizes a transcription 
product using a single-stranded transcription promoter and a single-stranded DNA template to 
which the promoter is operably or functionally joined or linked. An RNA polymerase that 
synthesizes a transcription product using a ssDNA transcription substrate comprising a ssDNA 
transcription promoter that is operably joined to a target sequence has not previously been 
known in the art for making a transcription product corresponding to a target sequence. A 
preferred RNA polymerase of the invention is an N4 mini-vRNAP enzyme or a mutant form of 
an N4 mini-vRNAP enzyme. The RNA polymerase preferentially has the amino sequence set 
forth in SEQ ID NO:4 or SEQ ID NO:6 or a mutant of the polymerase of SEQ ID NO:4 or SEQ 
ED NO:6, such as a mutant with a mutation at position number Y678 or the polymerase of SEQ 
ID NO: 8. The vRNAP and mini-vRNA polymerase transcribe nucleic acid operatively linked to 
an N4 promoter such as a P2 promoter of SEQ ID N0:16, SEQ ID NO:19, SEQ ID NO:27, SEQ 
ID NO:28 or SEQ ID NO:29. The promoter of SEQ ID NO: 16 or SEQ ID NO:28 is preferred. 
[00257] Other preferred promoters of the invention comprise single-stranded 
pseudopromoters or synthetic promoters that are recognized by an RNA polymerase (RNAP) so 
as to function in a method of the invention. A "pseudopromoter" or "synthetic promoter" of the 
present invention can be any single-stranded sequence that is identified and/or selected to be 
functional as a promoter for in vitro transcription by an RNA polymerase that binds the 
promoter with specificity and functions as a promoter for the RNA polymerase in a transcription 
reaction. A promoter comprising a pseudopromoter or synthetic promoter of the invention can 
be made as described by Ohmichi et al. fProc. NatL Acad. Sci. USA 99:54-59, 2002), which is 
incorporated herein by reference. If a pseudopromoter or synthetic promoter is used as a 
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promoter in a method or assay of the invention, then the corresponding RNA polymerase for 
which the pseudopromoter or synthetic promoter was identified and/or selected is used in the 
method. By way of example, but not of limitation, a target probe with a promoter comprising a 
ssDNA pseudopromoter can be obtained and used in a method or assay of the invention that uses 
E, coli RNAP or a T7-type phage RNAP, such as, but not limited to, T7 RNAP, T3 RNAP, or 
SP6 RNAP, as described by Ohmichi et al- (Proc. Natl. Acad. Sci. USA 99:54-59, 2002) and 
incorporated herein by reference. By "T7-type RNAPs" we mean T7, T3, (|), (|)IIH, W31, ghl, Y, 
A1122, SP6 and mitochondrial RNAPs. Mutant RNAPs, such as, but not limited to, T7 RNAP 
Y639F mutant enzyme, T3 RNAP Y573F mutant enzyme, SP6 RNAP Y631F mutant enzyme, 
T7 RNAP having altered amino acids at both positions 639 and 784, T3 RNAP having altered 
amino acids at both positions 573 and 785, or SP6 RNAP having altered amino acids at both 
positions 631 and 779, or other mutant forms of an RNAP that functions in a method of the 
invention can also be used in embodiments of methods or assays of the invention with single- 
stranded pseudopromoters obtained as described by Ohmichi et al. (Proc. Natl. Acad. Sci. USA 
99:54-59, 2002). 

A. Su pplemental Definitions and Methods 

1. Transcription Product 

[00258] The term "transcription product" as used herein can mean RNA or, in view of the 
ability of certain polymerases of the invention, such as the Y678F mutant polymerase having 
SEQ ID NO:8, to use deoxynucleotide substrates, a transcription product can also comprise 
DNA or a mixture of both RNA and DNA. A transcription product does not necessarily have 
perfect sequence complementarity or identity to the target sequence. For example, a 
transcription product can include nucleotide analogs such as deoxyinosine or deoxyuridine, 
intentional sequence alterations, such as sequence alterations introduced through a primer 
comprising a sequence that is hybridizable, but not complementary, to the target sequence, 
and/or sequence errors that occur during transcription. 

[00259] Also, for a variety of reasons, a nucleic acid or polynucleotide of the invention 
may comprise one or more modified nucleic acid bases, sugar moieties, or intemucleoside 
linkages. By way of example, some reasons for using nucleic acids or polynucleotides that 
contain modified bases, sugar moieties, or intemucleoside linkages include, but are not limited 
to: (1) modification of the Tm; (2) changing the susceptibility of the polynucleotide to one or 
more nucleases; (3) providing a moiety for attachment of a label; (4) providing a label or a 
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quencher for a label; or (5) providing a moiety, such as biotin, for attaching to another molecule 
which is in solution or bound to a surface. 

2. Sample/Target/Target Nucleic Acid/Target Sequence 

[00260] A "sample" or a "biological sample" according to the present invention is used in 
its broadest sense. A sample is any specimen that is collected from or is associated with a 
biological or environmental source, or which comprises or contains biological material, whether 

in whole or in part, and whether living or dead. 

[00261] Biological samples may be plant or animal, including human, fluid (e.g., blood or 
blood fractions, urine, saliva, sputum, cerebral spinal fluid, pleural fluid, milk, lymph, or 
semen), swabs (e.g., buccal or cervical swabs), solid (e.g., stool), microbial cultures (e.g., plate 
or liquid cultures of bacteria, fiingi, parasites, protozoans, or viruses), or cells or tissue (e.g., 
fresh or paraffin-embedded tissue sections, hair follicles, mouse tail snips, leaves, or parts of 
human, animal, plant, microbial, viral, or other cells, tissues, organs or whole organisms, 
including subcellular fractions or cell extracts), as well as liquid and solid food and feed 
products and ingredients such as dairy items, vegetables, meat and meat by-products, and waste. 
Biological samples may be obtained from all of the various families of domestic plants or 
animals, as well as wild animals or plants. 

[00262] Environmental samples include environmental material such as surface matter, 
soil, water, air, or industrial samples, as well as samples obtained from food and dairy 
processing instruments, apparatus, equipment, utensils, disposable and non-disposable items. 
These examples are not to be construed as limiting the sample types applicable to the present 
invention. 

[00263] In short, a sample comprises a specimen from any source that contains or may 
contain a naturally occurring target nucleic acid. 

[00264] A sample on which the assay method of the invention is carried out can be a raw 
specimen of biological material, such as serum or other body fluid, tissue cultxire medium or 
food material. More typically, the method is carried out on a sample that is a processed 
specimen, derived from a raw specimen by various treatments to remove materials that would 
interfere with detection of a target nucleic acid or an amplification product thereof. Methods for 
processing raw samples to obtain a sample more suitable for the assay methods of the invention 
are well known in the art. 
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[00265] An "analyte" means a substance whose presence, concentration or amount in a 
sample is being determined in an assay. An analyte is sometimes referred to as a *target 
substance" or a "target molecule" or a "target analyte" of an assay. An analyte may also be 
referred to more specifically. Embodiments of the present invention pertain to analytes that are 
naturally occurring nucleic acids, and the analyte may be referred to as a "target nucleic acid" or 
a "target polynucleotide" or a "target oligonucleotide" or a "target sequence," depending on the 
particular case. A composition, kit, or method of the invention can be used for an "analyte- 
specific reagent" to detect a target nucleic acid analyte or another analyte or analyte-binding 
substance in a sample. 

[00266] With respect to the present invention, an analyte is often associated with a 
biological entity that is present in a sample if and only if the analyte is present. Such biological 
entities include viroids (analyte is, e.g., a nucleic acid or a segment thereof); viruses (analyte is, 
e.g., a viral genome, or a segment of viral genome); other microorganisms (analyte is, e.g., a 
segment of the genome or the RNA of the microorganism); abnormal cells, such as cancer cells 
(analyte is, e.g., an oncogene); or an abnormal gene (analyte is, e.g., a gene segment which 
includes the altered bases which render the gene abnormal, or a messenger RNA segment which 
includes altered bases as a result of having been transcribed from the abnormal gene). 
[00267] From the description of analyte, it is apparent that the present invention has 
widespread applicability, including in applications in which nucleic acid probe hybridization 
assays are often employed. Thus, among other applications, the invention is useful in 
diagnosing diseases in plants and animals, including humans; and in testing products, such as 
food, blood, and tissue cultures, for contaminants. 

[00268] A "target" of the present invention is a biological organism or material that is the 
reason or basis for which a biological assay or a diagnostic assay is performed. By way of 
example, but not of limitation, an assay of the present invention may be performed to detect a 
target that is a virus which is indicative of a present disease or a risk of future disease (e.g., HIV 
which is believed to result in AIDS), or a target that is a gene which is indicative of antibiotic 
resistance (e.g., an antibiotic resistance gene in an infectious pathogenic bacterium), or a target 
that is a gene which, if absent, may be indicative of disease (e.g., a deletion in an essential gene). 
In developing assays according to the present invention, it is important to identify target analytes 
that yield assay results that are sufficiently specific, accurate, and sensitive to be meaningful 
related to the presence or condition of the target. 
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[00269] A target analyte that is a "target polynucleotide" or a "target nucleic acid" 
comprises at least one nucleic acid molecule or portion of at least one nucleic acid molecule, 
whether the molecule or molecules is or are DNA, RNA, or both DNA and RNA, and wherein 
each the molecule has, at least in part, a defined nucleotide sequence. The target polynucleotide 
may also have at least partial complementarity with other molecules used in an assay, such as, 
but not limited to, primers, splice template oligos, ligation splint oligos, capture probes or 
detection probes. The target polynucleotide may be single- or double- stranded. A target 
polynucleotide of the present invention may be of any length. However, it must comprise a 
polynucleotide sequence of sufficient sequence specificity and length so as to be usefiil for its 
intended purpose. By way of example, but not of limitation, a target nucleic acid that is to be 
detected using a sequence-complementary detection probe must have a sequence of sufficient 
sequence specificity and length so as remain hybridized by the detection probe under assay 
hybridization conditions wherein sequences that are not target polynucleotides are not 
hybridized. A target polynucleotide having sufficient sequence specificity and length for an 
assay of the present invention may be identified, using methods known to those skilled in the art, 
by comparison and analysis of nucleic acid sequences known for a target and for other 
sequences which may be present in the sample. For example, sequences for nucleic acids of 
many viruses, bacteria, humans (e.g., for genes and messenger RNA), and many other biological 
organisms can be searched using public or private databases, and sequence comparisons, folded 
structiu-es, and hybridization melting temperatures (i.e., Tm's) may be obtained using computer 
software known to those knowledgeable in the art. 

[00270] The terms "source of target nucleic acid" or "source of target polynucleotide" 
refers to any sample that contains a naturally occurring target nucleic acid, RNA or DNA. 
[00271] Thus, a method of the present invention can be carried out on nucleic acid from a 
variety of sources, including unpurified nucleic acids, or nucleic acids purified using any 
appropriate method in the art, such as, but not limited to, various "spin" columns, cationic 
membranes and filters, or salt precipitation techniques, for which a wide variety of products are 
commercially available (e.g., MasterPure™ DNA & RNA Purification Kits from Epicentre 
Technologies, Madison, WI, USA). Methods of the present invention can also be carried out on 
nucleic acids isolated from viroids, viruses or cells of a specimen and deposited onto solid 
supports as described by Gillespie and Spiegelman (J. Mol. Biol. 12:829-842, 1965), including 
solid supports on dipsticks and the inside walls of microliter plate wells. The method can also 
be carried out with nucleic acid isolated from specimens and deposited on solid support by "dot" 
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blotting (Kafatos, et al., Nucl. Acids Res. 7: 1541-1552, 1979); White, and Bancroft, L Biol. 
Chem. 257:8569-8572, 1982); Southern blotting (Southern, E., L MoL Biol. 98:503-517, 1975); 
"northern" blotting (Thomas, Proc. Natl. Acad. Sci. USA 77:5201-5205, 1980); and 
electroblotting (Stellwag, and Dahlberg, Nucl. Acids Res. 8:299-317, 1980). The method can 
also be carried out for nucleic acids spotted on membranes, on slides, or on chips as arrays or 
microarrays, or the method can be carried out to prepare probes for detecting or quantifying 
nucleic acids present in a sample based on hybridization to nucleic acids spotted or synthesized 
on one of these surfaces. Nucleic acid of specimens can also be assayed by the method of the 
present invention applied to water phase hybridization (Britten, and Kohne, Science 161 :527- 
540, 1968) and water/organic interphase hybridizations (Kohne, et al., Biochemistry 16:5329- 
5341, 1977). Water/organic interphase hybridizations have the advantage of proceeding with 
very rapid kinetics but £u-e not suitable when an organic phase-soluble linking moiety, such as 
biotin, is joined to the nucleic acid affinity molecule. 

[00272] The methods of the present invention can also be carried out on amplification 
products obtained by amplification of a naturally occurring target nucleic acid, provided that the 
target sequence in the target nucleic acid is amplified by the method used only if the target 
nucleic acid is present in the sample. Suitable amplification methods include, but are not limited 
to, PGR, RT-PCR, NASBA, TMA, 3SR, LCR, LLA, SDA (e.g.. Walker et al.. Nucleic Acids 
Res. 20:1691-1696, 1992), RCA, Multiple Displacement Amphfication (Molecular Staging), 
ICAN^w or UCANT'M (TAKARA), Loop- AMP (EIKEN), and SPIA™ or Ribo-SPIA™ (NuGEN 
Technologies). There are various reasons for using a nucleic acid that is a product of another 
amplification method as a target nucleic acid for an assay of the present invention, such as, but 
not limited to, for obtaining more sensitive detection of targets, greater specificity, or to decrease 
the time required to obtain an assay result. 

[00273] The methods of the invention can also be carried out on nucleic acids isolated 
fi-om specimens and deposited onto solid supports by dot-blotting, or by adsorption onto walls of 
microtiter plate wells or solid support materials on dipsticks, on membranes, on slides, or on 
chips as arrays or microarrays. 

[00274] Still further, the methods of the invention are applicable to detecting cellular 
nucleic acids in whole cells fi-om a specimen, such as a fixed or paraffin-embedded section, or 
from microorganisms immobilized on a solid support, such as replica-plated bacteria or yeast. 
In some embodiments, the methods of the invention can be used to make a transcription product 
corresponding to a target sequence to detect target nucleic acids in living cells. 
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[00275] A target nucleic acid can be a nucleic acid from any source in purified or 
unpurified form. For example, a target nucleic acid comprising DNA, can be dsDNA or ssDNA 
such as mitochondrial DNA, chloroplast DNA, chromosomes, plasmids or other episomes, the 
genomes of bacteria, yeasts, viruses, viroids, mycoplasma, molds, or other microorganisms, or 
genomes of fiingi, plants, animals, or humans. Target nucleic acids comprising RNA can be 
tRNA, mRNA, rRNA, mitochondrial RNA, chloroplast RNA, micro RNA, or other RNA 
molecules, without limit. Target nucleic acids can also be mixtures of DNA and RNA, 
including, but not limited to, mixtures of the above nucleic acids or fragments thereof, or DNA- 
RNA hybrids. The target nucleic acid can be only a minor fraction of a complex mixture such as 
a biological sample and can be obtained from various biological materials by procedures known 
in the art. Numerous methods for purification of a particular target nucleic are known in the art, 
if fiirther piuification is necessary. 

[00276] The term "target nucleic acid sequence" or "target sequence" refers to the 
particular nucleotide sequence of the target nucleic acid(s) that is/are to be transcribed to make a 
transcription product. A "target sequence" comprises one or more sequences within one or more 
target nucleic acids. A target sequence can also have "complexing sequences" which are added 
during processes of methods of the invention for the purpose of facilitating joining of a target 
sequence to a polynucleotide comprising a single-stranded transcription promoter in order to 
obtain a ssDNA transcription substrate of the invention. A complexing sequence can provide a 
complementary sequence to which an oligonucleotide (e.g., a primer and/or splice template) 
used in a method of the invention can anneal or complex. A complexing sequence usually 
comprises a "tail" sequence that is added by means such as those discussed herein, including, 
but not limited to, non-templated addition of dCMP residues to first-strand cDNA by reverse 
transcriptase pausing at cap structures of mRNA (in the presence or absence of manganese 
cations) and/or controlled ribonucleotide tailing using TdT. If a complexing sequence is added 
to a target sequence during a process of a method of the invention, it is desirable that a 
complexing sequence is chosen that does not to affect the specificity of the transcription 
products made using the resulting transcription substrate comprising the target sequence. 
[00277] A target nucleic acid can be either single-stranded or double-stranded RNA, 
DNA, or mixed RNA and DNA. A target nucleic acid is sometimes referred to more 
specifically by the type of nucleic acid. By way of example, but not of limitation, a target 
nucleic acid can be a "target RNA" or an "RNA target," or a "target mRNA," or a "target DNA" 
or a "DNA target." Similarly, the target sequence can be referred to as "a target RNA sequence" 
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or a "RNA target sequence", or as a "target mRNA sequence" or a "target DNA sequence," or 
the like. In some embodiments, the target sequence comprises one or more entire target nucleic 
acids, such as, one or all full-length mRNA molecules in a particular sample, hi other 
embodiments, the target sequence comprises only a portion of one or more target nucleic acid 
molecules. When the target nucleic acid is originally single-stranded, the term "target sequence" 
is also meant to refer to the sequence complementary to the "target sequence." When the "target 
nucleic acid" is originally double-stranded, the term "target sequence" may refer to both the 
sense strand of the sequence or its complement, or both, depending on the intended purpose of 
the method. The target sequence may be known or not known, in terms of its actual sequence. 
In some instances, the terms "target sequence," "target nucleic acid," "target polynucleotide," 
and variations thereof are used interchangeably. 

3. cDNA/First-Strand cDNA/Second-Strand cDNA/Reverse Transcriptase/RnaseH 

[00278] In some important embodiments of the invention, the target sequence of a 
transcription substrate comprises cDNA, In general, "cDNA" refers to "complementary DNA" 
that is synthesized by primer extension using a DNA polymerase, including, but not limited to, 
an RNA-dependent DNA polymerase or reverse transcriptase, using at least a portion of a target 
nucleic acid as a template, and which cDNA is "homologous to" or "base pairs with" at least a 
portion of the target nucleic acid template. In some embodiments of the invention, which are 
preferred embodiments, cDNA is obtained by reverse transcription primer extension using a 
reverse transcriptase and a target nucleic acid comprising messenger RNA (mRNA) obtained 
from a biological sample as a template, and which cDNA is homologous to the mRNA. 
Methods in the art related to making cDNA from mRNA involve synthesis of double-stranded 
cDNA comprising first-strand cDNA and second-strand cDNA, which usually are synthesized 
sequentially using different methods. However herein, we often refer to "first-strand cDNA" 
even when a method of the invention results in synthesis of only one strand of DNA that is 
complementary to the mRNA (i.e., the term "first-strand cDNA" is not intended to imply that 
there is also a second-strand cDNA). In some embodiments, the terms "first-strand cDNA" or 
"cDNA" refer to a single-stranded DNA molecule obtained by reverse transcription of any RNA 
molecule, even if it is not mRNA. In other embodiments, the terms "first-strand cDNA" or 
"cDNA" refer to a single-stranded DNA molecule obtained by primer extension using a target 
nucleic acid comprising either a single-stranded DNA or one strand of a double-stranded DNA 
as a template for a DNA polymerization reaction. 

-71- 

QBMAD\367390.1 



[00279] An "RNA-dependent DNA polymerase" or "reverse transcriptase" is an enzyme 
that can synthesize a complementary DNA copy ("cDNA") from an RNA template. All known 
reverse transcriptases also have the ability to make a complementary DNA copy from a DNA 
template; thus, they are both RNA- and DNA-dependent DNA polymerases. A "template" is the 
nucleic acid molecule that is copied by a nucleic acid polymerase. The synthesized copy is 
complementary to the template. Both RNA and DNA are always synthesized in the 5'-to-3' 
direction and the two strands of a nucleic acid duplex always are aligned so that the 5' ends of 
the two strands are at opposite ends of the duplex (and, by necessity, so then are the 3' ends). A 
primer is required for both RNA and DNA templates to initiate synthesis by a DNA polymerase. 
Examples of reverse transcriptases that can be used in methods of the present invention include, 
but are not limited to, AMV reverse transcriptase, MMLV reverse transcriptase, Tth DNA 
polymerase, rBst DNA polymerase large fragment, also called IsoTherm™ DNA Polymerase 
(Epicentre Technologies, Madison, WI, USA), and BcaBESTTM DNA polymerase (Takara 
Shuzo Co, Kyoto, Japan). In some cases, a mutant form of a reverse transcriptase, such as, an 
MMLV reverse transcriptase that lacks RNase H activity is used. In still other embodiments, 
IsoTherm™ DNA polymerase is most suitable. In other embodiments, a wild-type enzyme is 
preferred. 

[00280] In embodiments of the invention that obtain a transcription substrate in which a 
ssDNA target sequence comprising first-strand cDNA is synthesized using a reverse 
transcriptase and a primer that is complementary to and anneals to the 3 '-end of a target nucleic 
acid comprising mRNA, the primer can comprise oligo(dT) or modified oligo(dT), or it can 
comprise an oligo d(T) anchor primer, wherein one (or a small number) of the 3*-nucleotides of 
the anchor primer comprise either a specific base for a specific mRNA or a randomized 
nucleotide (i.e., synthesized with a mixture of all four nucleotides) for priming all mRNA 
molecules in a sample, or the primer can comprise an oligonucleotide having a specific sequence 
that is complementary to the sequence of a specific mRNA molecule, or in some cases, it can 
comprise an oligonucleotide having a random sequence (i.e., synthesized using a mixture of all 
four nucleotides for every position of the primer). 

[00281] If a target nucleic acid is RNA, such as mRNA, and it is desirable to remove the 
RNA that is annealed to first-strand cDNA following reverse transcription using a promoter 
primer, this can be accomplished by one of several means. By way of example, but not of 
limitation, the RNA can be removed by treatment with RNase H, by treatment with a base, such 
as, but not limited to sodium or potassium hydroxide, or the RNA can be removed from the 
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hybrid by heat denatxiration. In preferred embodiments for some applications, the RNA is 
removed by an RNase H activity of a reverse transcriptase that is used for reverse transcription 
(or primer extension), such as, but not limited to, MMLV reverse transcriptase. Altematively, in 
some embodiments, the RNA is dissociated from the first-strand cDNA by incubating the hybrid 
or performing the reverse transcription in the presence of a single-strand binding (SSB) protein 
of the invention, such as, but not limited to E. coli SSB (^coSSB). 

[00282] In some embodiments of the invention, especially in embodiments for obtaining 
additional rounds of transcription products, a separate RNase H enzyme is also used, whether or 
not the reverse transcriptase has RNase H activity. If RNase H activity is desirable in an 
embodiment for obtaining multiple rounds of transcription, but a separate RNase H enzyme is 
not added, MMLV reverse transcriptase (wild-type RNase H-positive) can be used. AMV 
reverse transcriptase can be used in some embodiments for obtaining multiple rounds of 
transcription in which a separate RNase H enzyme is also added. Kacian et al. (U.S. Patent No. 
5,399,491) disclose information related to the effects of adding different amounts of a separate 
RNase H enzyme to transcription-mediated amplification assays that use either MMLV or AMV 
reverse transcriptase, which reference and information is incorporated herein by reference and 
made a part of the present disclosure. 

[00283] "Ribonuclease H" or "RNase H" is an enzyme that degrades the RNA portion of 
an RNA:DNA duplex. An RNase H can be an endonuclease or an exonuclease. Most wild-type 
reverse transcriptase enzymes have an RNase H activity in addition to their polymerase activity. 
However, other sources of the RNase H are available without an associated polymerase activity. 
The degradation may result in separation of RNA from an RNAiDNA complex. Altematively, 
the RNase H may simply cut the RNA at various locations such that portions of the RNA melt 
off or permit enzymes to unwind portions of the RNA. When used in an embodiment of the 
invention, RNaseH enzymes that can be used include, but are not limited to, E. coli RNase H, 
Thermus thermophilus RNase H, and Thermus flavus RNase H (U.S. Patents Nos, 5,268,289; 
5,459,055; and 5,500,370, incorporated herein by reference). The latter two enzymes, which are 
thermostable and, therefore, maintain more consistent activity in reactions and are more easily 
stored and shipped, are preferred in most embodiments in which a separate RNase H enzyme is 
used. Other RNase H enzymes that can be used are those that are described by Sagawa et al. in 
PCX Patent Publication No. WO 02/16639; and in PCT Patent Publications Nos. WO 00/56877 
and AU 00/29742, all of which are incorporated herein by reference. In other embodiments, it is 
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desirable to use a less thermally stable enzyme, such as E, coli RNase H, because it is easier to 
inactivate the enzyme in a reaction mixture. 

[00284] Kacian et al. disclosed in U.S Patent No. 5,399,491, incorporated herein by 
reference, that the number, distribution, and position of putative RNase H cut sites determine, in 
part, the usefulness of a given primer and that amplification can be improved by inclusion of 
intentional mismatches or insertion of sequences in order to affect the number, distribution, and 
position of putative RNase H cut sites. Thus, in preferred processes of the invention for 
removing RNA from RNA:DNA hybrids following reverse transcription to make first-strand 
cDNA, the RNA target sequence is determined and then analyzed to determine where RNase H 
degradation will cause cuts or removal of sections of RNA from the duplex upon synthesis of 
first-strand cDNA. The processes of the invention include conducting experiments to determine 
the effect on amplification of the target sequence of the degradation of the RNA target sequence 
by RNase H present in the reverse transcriptase and/or separate RNase H enzyme(s) used, 
including, but not limited to, AMV reverse transcriptase, and both RNase H-plus and RNase H- 
minus MMLV reverse transcriptase, and E, coli RNase H or thermostable RNase H enzymes 
that are stable for more than 10 minutes at 70° C (U.S. Patents Nos. 5,268,289; 5,459,055; and 
5,500,370, incorporated herein by reference), such as, but not limited to, Hybridase™ 
thermostable RNase H (Epicentre Technologies, Madison, WI, USA), Tth RNase H, and Tfl 
RNase H, or by different combinations of a reverse transcriptase and a separate RNase H. 
[00285] In selecting a primer, including a promoter primer of the invention, for use in 
reverse transcription of an RNA target sequence to make first-strand cDNA, it is preferable that 
the primer be selected so that it will hybridize to a section of RNA which is substantially 
nondegraded by the RNase H present in the reaction mixture. If there is substantial degradation, 
the cuts in the RNA strand in the region of the primer may stop or inhibit DNA synthesis and 
prevent extension of the primer. Thus, it is desirable to select a primer that will hybridize with a 
sequence of the RNA target, located so that when the -RNA is subjected to RNase H, there is no 
substantial degradation that would prevent formation of the primer extension product. 

4. Transcription Substrate 

[00286] As used herein, a "transcription substrate" or a "ssDNA transcription substrate" 
according to the present invention comprises a ssDNA comprising a target sequence that is 
operably joined to a transcription promoter, wherein an RNA polymerase can bind to the 
transcription promoter with specificity and synthesize a transcription product corresponding to 
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the target sequence under suitable transcription conditions. In order to be operably joined to the 
target sequence, the transcription promoter is 3 '-of the target sequence. A transcription substrate 
of the invention can also have additional nucleic acid sequences that are 5 '-of and/or 3 '-of the 
transcription promoter sequence, but a transcription substrate is not required to have such 
additional other sequences. By way of example, but not of limitation, a transcription substrate 
can have a transcription initiation site 5 '-of the promoter sequence. Also, in some embodiments 
of the invention, a transcription substrate can have one or more transcription termination 
sequences, one or more sites for DNA cleavage to permit controlled linearization of a circular 
first-strand cDNA that is a transcription substrate, one or more origins ("or/'s") of replication 
(preferably an ori for a single-stranded replicon, such as, but not limited to, a phage Ml 3 
replicon), a selectable or screenable marker, such as, but not limited to an antibiotic-resistance 
gene or a beta-galactosidase gene, respectively, or one or more transposon recognition 
sequences, such as outer end ("OE") or mosaic end ("ME") sequences for a Tn5-type 
transposon, ) that can be recognized and used by a transposase for in vitro or in vivo 
transposition, or one or more sites that are recognized by a recombinase (such as, but not limited 
to, the cre-lox system), and/or other sequences and genetic elements for a particular purpose, 
including, but not limited to, sequences that are transcribed by the RNA polymerase so as to 
provide additional regions of complementarity in the RNA transcription products for annealing 
of primers for reverse transcription in order to make cDNA for additional rounds of 
transcription. As described herein above, a "transcription substrate" of the present invention is 
single-stranded, whereas double-stranded DNA molecules, having at a minimum double- 
stranded promoters and usually also double-stranded templates, are used in other methods in the 
art. 

[00287] Since a transcription substrate of the present invention is single-stranded, the 
terms "3 '-of and "5 '-of are used herein with respect to the present invention to refer to the 
position or orientation of a particular nucleic acid sequence or genetic element, such as, but not 
limited to, a transcription promoter, relative to other sequences or genetic elements within the 
DNA strand comprising the ssDNA transcription substrate. Thus, although the synthesis of 
RNA in a 5'-to-3' direction during transcription is thought of as proceeding in a "downstream" 
direction, the transcription promoter on the ssDNA transcription substrate is referred to herein as 
being 3'-of the target sequence. Those with knowledge in the art will understand these terms in 
the context of nucleic acid chemistry and structure, particularly related to the 3'- and 5'- 
positions of sugar moieties of canonical nucleic acid nucleotides. By way of example, a 

-75- 

QBMAD\367390.1 



transcription promoter that is "3 '-of the target sequence" on a linear transcription substrate refers 
a promoter sequence that is at or closer to the 3 -end of the transcription substrate relative to the 
target sequence on the same strand. If a first nucleic acid sequence is 3 '-of a second sequence 
on one strand, the complement of the first sequence will be 5 '-of the complement of the second 
sequence on the complementary strand. The description of the invention will be understood 
with respect to the relative 5' or 3' position and orientation of a sequence or genetic element 
within a particular nucleic acid strand, unless explicitly stated to the contrary. 

5. Nucleic Acids. Polynucleotides and Analogs Thereof 

[00288] A "nucleic acid" or "polynucleotide" of the invention is a polymer molecule 
comprising a series of "mononucleosides," also referred to as "nucleosides," in which the 3'- 
position of the pentose sugar of one nucleoside is linked by an intemucleoside linkage, such as, 
but not limited to, a phosphodiester bond, to the 5 '-position of the pentose sugar of the next 
nucleoside. A nucleoside linked to a phosphate group is referred to as a "nucleotide." The 
nucleotide that is linked to the 5 '-position of the next nucleotide in the series is referred to as "5' 
of or the "5' nucleotide" and the nucleotide that is linked to the 3 '-position of the 5' nucleotide 
is referred to as "3' of or the "3' nucleotide." The pentose sugar of the nucleic acid can be 
ribose, in which case, the nucleic acid or polynucleotide is referred to as "RNA," or it can be 2'- 
deoxyribose, in which case, the nucleic acid or polynucleotide is referred to as "DNA." 
Altematively, especially if the nucleic acid is synthesized chemically, the nucleic acid can be 
composed of both DNA and RNA mononucleotides. In both RNA and DNA, each pentose 
sugar is covalently linked to one of four common "nucleic acid bases" (each also referred to as a 
"base"). Three of the predominant naturally-occurring bases that are linked to the sugars 
(adenine, cytidine and guanine) are common for both DNA and RNA, while one base is 
different; DNA has the additional base thymine, while RNA has the additional base xiridine. 
Those in the art commonly think of a small polynucleotide as an "oligonucleotide." The term 
"oligonucleotide" as used herein is defined as a molecule comprised of two or more 
deoxyribonucleotides or ribonucleotides, preferably about 10 to 200 nucleotides, but there is no 
defined limit to the length of an oligonucleotide. The exact size will depend on many factors, 
which in turn depends on the ultimate fiinction or use of the oligonucleotide. 
[00289] In order to accomplish the goals of the invention, there is no limit to the 
composition of the nucleic acids or polynucleotides of the invention including any splice 
template oligos, primers, including promoter primers, promoter ligation oligos, ligation splint 
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oligos, detection probes, such as, but not limited to molecular beacons (U.S. Patents Nos. 
5,925,517 and 6,103,476 of Tyagi et al. and 6,461,817 of AUand et al-, which are incorporated 
herein by reference), capture probes, oligonucleotides, or other nucleic acids used or detected in 
the assays or methods, so long as each of the nucleic acid functions for its intended use. By way 
of example, but not of limitation, the nucleic acid bases in the mononucleotides may comprise 
guanine, adenine, uracil, thymine, or cytidine, or alternatively, one or more of the nucleic acid 
bases may comprise xanthine, allyamino-uracil, hypoxanthine, 2-aminoadenine, 6-methyl and 
other alkyl adenines, 2-propyl and other alkyl adenines, 5-halouracil, 5-halo cytosine, 5- 
propynyl uracil, 5-propynyl cytosine, 7-deazaadenine, 7-deazaguanine, 7-deaza-7-methyl- 
adenine, 7-deaza-7-methyl-guanine, 7-deaza-7-propynyl-adenine, 7-deaza-7-propynyl-guanine 
and other 7-deaza-7-alkyl or 7-aryl purines, N2-alkyl-guanine, N2-alkyl-2-amino-adenine, 
purine 6-aza uracil, 6-aza cytosine and 6-aza thymine, 5-uracil (pseudo uracil), 4-thiouracil, 8- 
halo adenine, 8-amino-adenine, 8-thiol adenine, 8-thiolalkyl adenines, 8-hydroxyl adenine and 
other 8-substituted adenines and 8-halo guanines, 8-amino-guanine, 8-thiol guanine, 8-thiolalkyl 
guanines, 8-hydroxyl guanine and other 8-substituted guanines, other aza and deaza uracils, 
other aza and deaza thymidines, other aza and deaza cytosine, aza and deaza adenines, aza and 
deaza guanines or 5-trifluoromethyl uracil and 5-trifluorocytosine. Still further, they may 
comprise a nucleic acid base that is derivatized with a biotin moiety, a digoxigenin moiety, a 
fluorescent or chemiluminescent moiety, a quenching moiety or some other moiety. The 
invention is not limited to the nucleic acid bases listed; this list is given to show the broad range 
of bases which may be used for a particular purpose in a method. 

[00290] In some embodiments of the invention, a molecule comprising a "peptide nucleic 
acid" (PNA) or a molecule comprising both a nucleic acid and a PNA, as described in U.S Pat. 
Nos. 5,539,082; 5,641,625; 5,700,922; 5,705,333; 5,714,331; 5,719,262; 5,736,336; 5,773,571; 
5,786,461; 5,817,811; 5,977,296; 5,986,053; 6,015,887; and 6,020,126 (and references therein), 
can also be used. In general, a PNA molecule is a nucleic acid analog consisting of a backbone 
comprising, for example, N-(2-aminoethyl)glycine units, to each of which a nucleic acid base is 
linked through a suitable linker, such as, but not limited to an aza, amido, ureido, or methylene 
carbonyl linker. The nucleic acid bases in PNA molecules bind complementary single-stranded 
DNA or RNA according to Watson-Crick base-pairing rules. However, the Tm's for PNA/DNA 
or PNA/RNA duplexes or hybrids are higher than the T^'s for DNA/DNA, DNA/RNA, or 
RNA/RNA duplexes. PNA provides tighter binding and greater binding stability than a nucleic 
acid of similar base sequence (e.g., see U.S. Pat. No. 5,985,563). Also, since PNA is not 
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naturally occurring, PNA molecules are highly resistant to protease and nuclease activity. PNA 
can be prepared according to methods know in the art, such as, but not limited to, methods 
described in the above-mentioned patents, and references therein. 

[00291] When a molecule comprising both a nucleic acid and a peptide nucleic acid 
(PNA) is used in the invention, modified bases can be used in one or both parts. For example, 
binding affinity can be increased by the use of certain modified bases in both the nucleotide 
subunits that make up the 2'-deoxyoligonucleotides of the invention and in the peptide nucleic 
acid subunits. Such modified bases may include 5-propynylpyrimidines, 6-azapyrimidines, and 
N-2, N-6 and 0-6 substituted purines including 2-aminopropyl-adenine. Other modified 
pyrimidine and purine base are also expected to increase the binding affinity of macromolecules 
to a complementary strand of nucleic acid. 

[00292] With respect to nucleic acids or polynucleotides of the invention, one or more of 
the sugar moieties can comprise ribose or 2'-deoxyribose, or alternatively, one or more of the 
sugar moieties can be some other sugar moiety, such as, but not limited to, 2'-fluoro-2'- 
deoxyribose or 2'-0-methyl-ribose, which provide resistance to some nucleases, or 2*-amino-2'- 
deoxyribose or 2'-azido-2'-deoxyribose, which can be used to label transcription products by 
reacting them with visible, fluorescent, infrared fluorescent or other detectable dyes or chemicals 
having an electrophilic, photoreactive or other reactive chemical moiety. 

[00293] The intemucleoside linkages of nucleic acids or polynucleotides of the invention 
can be phosphodiester linkages, or alternatively, one or more of the intemucleoside linkages can 
comprise modified linkages, such as, but not limited to, phosphorothioate, phosphorodithioate, 
phosphoroselenate, or phosphorodiselenate linkages, which are resistant to some nucleases. 
[00294] A variety of methods are known in the art for making nucleic acids having a 
particular sequence or that contain particular nucleic acid bases, sugars, intemucleoside linkages, 
chemical moieties, and other compositions and characteristics. Any one or any combination of 
these methods can be used to make a nucleic acid, polynucleotide, or oligonucleotide for the 
present invention. The methods include, but are not limited to: (1) chemical synthesis (usually, 
but not always, using a nucleic acid synthesizer instrument); (2) post-synthesis chemical 
modification or derivatization; (3) cloning of a naturally occurring or synthetic nucleic acid in a 
nucleic acid cloning vector (e.g., see Sambrook, et al.. Molecular Cloning: A Laboratory 
Approach Second Edition, 1989, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY 
and Sambrook and Russell, Molecular Cloning, A Laboratory Manual, Third Edition, 2001, 
Cold Spring Harbor Laboratory Press,) such as, but not limited to a plasmid, bacteriophage (e.g., 
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Ml 3 or lamba), phagemid, cosmid, fosmid, YAC, or BAC cloning vector, including vectors for 
producing single-stranded DNA; (4) primer extension using an enzyme with DNA template- 
dependent DNA polymerase activity, such as, but not limited to, Klenow, T4, T7, vBst, Tag, 7/7, 
or Tth DNA polymerases, including mutated, truncated (e.g., exo-minus), or chemically- 
modified forms of such enzymes; (5) PGR (e.g., see Dieffenbach, C.W., and Dveksler, eds., 
PGR Primer: A Laboratory Manual, 1995, Gold Spring Harbor Laboratory Press, Gold Spring 
Harbor, NY); (6) reverse transcription (including both isothermal synthesis and RT-PGR) using 
an enzyme with reverse transcriptase activity, such as, but not limited to, reverse transcriptases 
derived from avian myeloblasosis virus (AMV), Maloney murine leukemia virus (MMLV), 
Bacillus stearothermophilus (rBst), or Thermus thermophilus (Tth); (7) in vitro transcription 
using an enzyme with RNA polymerase activity, such as, but not limited to, SP6, T3, or T7 
RNA polymerase, Tth RNA polymerase, E, coli RNA polymerase, or SP6 or T7 R&DNA™ 
Polymerase (Epicentre Technologies, Madison, WI, USA), or another enzyme; (8) use of 
restriction enzymes and/or modifying enzymes, including, but not limited to exo- or 
endonucleases, kinases, ligases, phosphatases, methylases, glycosylases, terminal transferases, 
including kits containing such modifying enzymes and other reagents for making particular 
modifications in nucleic acids; (9) use of polynucleotide phosphorylases to make new 
randomized nucleic acids; (10) other compositions, such as, but not limited to, a ribozyme ligase 
to join RNA molecules; and/or (11) any combination of any of the above or other techniques 
known in the art. Oligonucleotides and polynucleotides, including chimeric (i.e., composite) 
molecules and oligonucleotides with modified bases, sugars, or intemucleoside linkages are 
commercially available (e.g., TriLink Biotechnologies, San Diego, GA, USA or Integrated DNA 
Technologies, Goralville, lA). 

[00295] A "portion" or "region," used interchangeably herein, of a polynucleotide or 
oligonucleotide is a contiguous sequence of 2 or more bases. In other embodiments, a region or 
portion is at least about any of 3, 5, 10, 15, 20, 25 contiguous nucleotides. 

6. Ligation / Ligase 

[00296] "Ligation" refers to the joining of a 5 '-phosphorylated end of one nucleic acid 
molecule to a 3'-hydroxyl end of the same or another nucleic acid molecule by an enzyme called 
a "ligase." Altematively, in some embodiments of the invention, ligation is effected by a type I 
topoisomerase moiety attached to one end of a nucleic acid (see U.S. Patent No. 5,766,891, 
incorporated herein by reference). The terms "ligating," "ligation," and "ligase" are often used 
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in a general sense herein and are meant to comprise any suitable method and composition for 
joining a 5 -end of one nucleic acid to a 3*-end of the same or another nucleic acid. Different 
ligases are preferred in different embodiments of the invention, as discussed elsewhere herein. 
[00297] In general, if a nucleic acid to be ligated comprises RNA, a ligase such as, but not 
limited to, T4 RNA ligase, a ribozyme ligase, Tsc RNA Ligase (Prokaria Ltd., Reykjavik, 
Iceland), or another ligase can be used for non-homologous joining of the ends. T4 DNA ligase 
can also be used to ligate RNA molecules when a 5'-phosphoryl end is adjacent to a 3'-hydroxyl 
end annealed to a complementary sequence (e.g., see U.S. Patent No. 5,807,674 of Tyagi, 
incorporated herein by reference). 

[00298] If the nucleic acids to be joined comprise DNA and the 5'-phosphorylated and the 
3'-hydroxyl ends are ligated when the ends are annealed to a complementary DNA so that the 
ends are adjacent (such as, when a "ligation splint" is used), then enzymes such as, but not 
limited to, T4 DNA ligase, Ampligase® DNA Ligase (Epicentre Technologies, Madison, WI, 
USA), Tth DNA ligase, Tfl DNA ligase, or Tsc DNA Ligase (Prokaria Ltd., Reykjavik, Iceland) 
can be used. However, the invention is not limited to the use of a particular ligase and any 
suitable ligase can be used. Still further, Faruqui discloses in U.S. Patent No. 6,368,801 that T4 
RNA ligase can efficiently ligate DNA ends of nucleic acids that are adjacent to each other when 
hybridized to an RNA strand. Thus, T4 RNA ligase is a suitable ligase of the invention in 
embodiments in which DNA ends are ligated on a ligation splint oligo comprising RNA or 
modified RNA, such as, but not limited to modified RNA that contains 2'-F-dCTP and 2'-F- 
dUTP made using the DuraScribe^^ T7 Transcription Kit (Epicentre Technologies, Madison, 
WI, USA) or the N4 mini-vRNAP Y678F mutant enzyme described herein. With respect to 
ligation on an homologous ligation template, especially ligation using a "ligation splint" or a 
"ligation splint oUgo" (as discussed elsewhere herein), a region, portion, or sequence that is 
"adjacent" to another sequence directly abuts that region, portion, or sequence. 
[00299] In other embodiments comprising intramolecular ligation of linear ssDNA, 
ligation can be effected in the absence of a ligation splint using a ligase that can catalyze non- 
homologous ligation of ssDNA, such as, but not limited to, ThermoPhage™ RNA Ligase II 
(Prokaria Ltd., Reykjavik, Iceland), which is derived from phage TS2126 that infects Thermus 
scotoductus. 
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7. DNA Polvmerases/Strand-Displacing DNA Polvmerases/Strand 
Displacement/Rolling Circle Replication 

[00300] A "DNA-dependent DNA polymerase" is an enzyme that synthesizes a 
complementary DNA ("cDNA") copy from a DNA template. Examples are DNA polymerase I 
from E. coli and bacteriophage T7 DNA polymerase. All known DNA-dependent DNA 
polymerases require a complementary primer to initiate synthesis. It is known that under suitable 
conditions a DNA-dependent DNA polymerase may synthesize (i.e., "reverse transcribe") a 
complementary DNA copy from an RNA template, a process that is also referred to as "reverse 
transcription." 

[00301] Some DNA polymerases are able to displace the strand complementary to the 
template strand as a new DNA strand is synthesized by the polymerase. This process is called 
"strand displacement" and the DNA polymerases that have this activity are referred to herein as 
"strand-displacing DNA polymerases." The template for strand displacement DNA synthesis 
using a method of the invention can be a linear or circular ssDNA. If the DNA template is a 
single-stranded circle, primed DNA synthesis procedes around and around the circle, with 
continual displacement of the strand ahead of the replicating strand, a process called "rolling 
circle replication." Rolling circle replication results in synthesis of tandem copies of the circular 
template. The suitability of a DNA polymerase for use in an embodiment of the invention that 
comprises strand displacement on linear templates or rolling circle replication can be readily 
determined by assessing its ability to carry out rolling circle replication. By way of example, 
but not of limitation, the ability of a polymerase to carry out rolling circle replication can be 
determined by using the polymerase in a rolling circle replication assay such as those described 
by Fire and Xu (Proc. Natl. Acad. Sci. USA 92:4641-4645, 1995), incorporated herein by 
reference. It is preferred that a DNA polymerase be a strand displacing DNA polymerase and 
lack a 5'-to-3* exonuclease activity for strand displacement polymerization reactions using both 
linear or circular templates since a 5'-to-3' exonuclease activity, if present, might result in the 
destruction of the synthesized strand. It is also preferred that DNA polymerases for use in the 
disclosed strand displacement synthesis methods are highly processive. The ability of a DNA 
polymerase to strand-displace can vary with reaction conditions, in addition to the particular 
enzyme used. Strand displacement and DNA polymerase processivity can also be assayed using 
methods described in Kong et al. (L Biol. Chem. 268:1965-1975, 1993 and references cited 
therein, all of which are incorporated herein by reference). 
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[00302] Preferred strand displacing DNA polymerases of the invention are rBst DNA 
polymerase large fragment (also called IsoTherm™ DNA Polymerase (Epicentre Technologies, 
Madison, WI, USA), BcaBESTTM DNA polymerase (Takara Shuzo Co., Kyoto, Japan), $29 
DNA polymerase (U.S. Pat. Nos. 5,576,204 and 5,001,050 to Blanco et al., incorporated herein 
by reference), SequiTherm™ DNA polymerase (Epicentre Technologies, Madison, WI, USA), 
and MMLV reverse transcriptase. Other strand-displacing DNA polymerases which can be used 
include, but are not limited to, phage M2 DNA polymerase (Matsumoto et al., Gene 84:247, 
1989), phage <1)PRD1 DNA polymerase (Jung et al., Proc. Natl. Acad. Sci. USA 84: 8287, 1987), 
VENT® DNA polymerase (Kong etd., LSioLChenL 268: 1965-1975, 1993), Klenow fragment 
of DNA polymerase I (Jacobsen et al., Eur. L Biochem. 45:623-627, 1974), T5 DNA 
polymerase (Chatterjee et al,. Gene 97:13-19, 1991), PRDl DNA polymerase (Zhu and Ito, 
Biochim. Biophvs. Acta 1219: 267-276, 1994), modified T7 DNA polymerase (Tabor and 
Richardson, L Biol. Chem. 262:15,330-15,333, 1987); Tabor and Richardson, J, Biol. Chem. 
264:6447-6458, 1989); Sequenase™ (U.S. Biochemicals, Cleveland, OH, USA), and T4 DNA 
polymerase holoenzyme (Kaboord and Benkovic, Curr. Biol. 5:149-157, 1995), all of which 
references, are incorporated herein by reference. Strand displacing DNA polymerases are also 
useful in some embodiments of the invention for strand displacement replication of linear first- 
strand cDNA, and in other embodiments, for rolling circle replication of circular first-strand 
cDNA. IsoTherm''''^ DNA polymerase (rBst DNA polymerase large fi-agment; Epicentre) is 
most preferred because, in addition to having strand-displacing DNA polymerase activity, it can 
also be used as a reverse transcriptase for synthesis of first-strand cDNA firom RNA target 
nucleic acids (e.g., U.S. Patent No. 6,030,814 of Jendrisak et al., incorporated herein by 
reference). BcaBEST™ DNA polymerase (Takara Shuzo Co., Kyoto, Japan) can also be used as 
a reverse transcriptase as well as a strand-displacing DNA polymerase. 
[00303] Strand displacement can be facilitated through the use of a strand displacement 
factor, such as helicase. It is considered that any DNA polymerase that can perform rolling 
circle replication in the presence of a strand displacement factor is suitable for use in 
embodiments of the invention that comprise strand displacement or rolling circle replication, 
even if the DNA polymerase does not perform rolling circle replication in the absence of such a 
factor. Strand displacement factors usefiil in rolling circle replication include, but are not 
limited to, BMRFl polymerase accessory subunit (Tsurumi et al., h Virology 67:7648-7653, 
1993), adenovirus DNA-binding protein (Zijderveld and van der Vliet, J. Virologv 68:1 158- 
1 164, 1994), herpes simplex viral protein ICP8 (Boehmer and Lehman, J. Virologv 67:71 1-715, 
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1993); Skaliterand Lehman, Proc. Natl. Acad. Sci. USA 91:10,665-10,669, 1994), single- 
stranded DNA binding proteins (SSB; Rigler and Romano, L Biol. Chem. 270:8910-8919, 
1995), and calf thymus helicase (Siegel et al., J, Biol. Chem. 267: 13,629-13,635, 1992), all of 
which are incorporated herein by reference. 

8. Hybridize/Hybridization 

[00304] The terms "hybridize" and "hybridization" refer to the formation of complexes 
between nucleotide sequences that are sufficiently complementary to form complexes via 
Watson-Crick base pairing. With respect to the present invention, nucleic acid sequences that 
"hybridize" or "anneal" with each other should form "hybrids" or "complexes" that are 
sufficiently stable to serve the intended purpose. By way of example, but not of limitation, 
where a primer or splice template oligo hybridizes or anneals with a target nucleic acid in a 
sample or with a "tailed" target sequence, respectively, each respective complex or hybrid 
should be sufficiently stable to serve the respective priming functions required for a DNA 
polymerase to copy the target sequence by primer extension of the annealed primer or to extend 
the 3 -end of the target sequence using the annealed splice template oligo as a template, 
respectively. 

9. Reaction Conditions 

[00305] Appropriate reaction media and conditions for carrying out the methods of the 
present invention are those that permit nucleic acid transcription and other reactions according to 
the methods of the present invention. For example, the conditions below can be used for in vitro 
transcription with N4 vRNAP, mini-vRNAP, and mini-vRNAP Y678F enzymes of the 
invention. An in vitro transcription reaction is prepared by setting up a reaction mixture 
containing the following final concentrations of components, added in the order given: 0.1 
micromolar of a N4 vRNAP promoter-containing DNA oligo; LO micromolar EcoSSB Protein; 
IX transcription buffer comprising 40 mM Tris-HCl (pH 7.5), 6 mM MgCh., 2 mM spermidine, 
and 10 mM NaCl; 1 mM DTT; 0.5 mM of each NT? (ATP, CTP, GTP and UTP); deionized 
RNase-firee water so the final volume will be 50 microliters after addition of an RNAP; and 0. 1 
micromolar of N4 vRNAP, mini-vRNAP or mini-vRNAP Y678F enzyme. In some 
embodiments of the invention, 2'-F-dUTP and 2'-F-dCTP are used at a final concentration of 
0.5 mM each in place of UTP and CTP in order to obtain synthesis of modified RNA which is 
resistant to ribonuclease A-type enzymes. Other modified nucleoside triphosphates can also be 
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used in place of or in addition to the canonical NTPs for specific applications. The reaction 
mixture is then incubated at 37® C to permit synthesis of RNA firom the template. The reaction 
can be followed by gel electrophoresis on a PAGE gel. 

[00306] The invention is not limited to these reaction conditions or concentrations of 
reactants. Those with skill in the art will know that other suitable reaction conditions under 
which an RNA polymerase of the invention can be used can be found by simple 
experimentation, and any of these reaction conditions are also included within the scope of the 
invention. Such media and conditions are known to persons of skill in the art, and are described 
in various publications, such as U.S. Pat. No. 5,679,512 and PCT Pub. No. W099/42618, 
incorporated herein by reference. For example, a buffer maybe Tris buffer, although other 
buffers can also be used as long as the buffer components are non-inhibitory to enzyme 
components of the methods of the invention. The pH is preferably from about 5 to about 11, 
more preferably from about 6 to about 10, even more preferably from about 7 to about 9, and 
most preferably from about 7.5 to about 8.5. The reaction medium can also include bivalent 
metal ions such as Mg"*"^ or Mn"^^, at a final concentration of free ions that is within the range of 
from about 0.01 to about 10 mM, and most preferably from about 1 to 6 mM. The reaction 
medium can also include other salts, such as KCl, that contribute to the total ionic strength of the 
medium. For example, the range of a salt such as KCl is preferably from about 0 to about 100 
mM, more preferably from about 0 to about 75 mM, and most preferably from about 0 to about 
50 mM. The reaction medium can further include additives that could affect performance of the 
reactions, but that are not integral to the activity of the enzyme components of the methods. 
Such additives include proteins such as BSA, and non-ionic detergents such as NP40 or Triton. 
Reagents, such as DTT, that are capable of maintaining activities enzyme with sulfliydryl groups 
can also be included. Such reagents are known in the art. Where appropriate, an RNase 
inhibitor, such as, but not limited to a placental ribonuclease inhibitor (e.g., RNasin®, Promega 
Corporation, Madison, WI, USA) or an antibody RNase inhibitor, that does not inhibit the 
activity of an RNase employed in the method can also be included. Any aspect of the methods 
of the present invention can occur at the same or varying temperatures. Preferably, the reactions 
are performed isothermally, which avoids the cumbersome thermocycling process. The 
reactions are carried out at a temperature that permits hybridization of the oligonucleotides of 
the present invention to the target sequence and/or first-strand cDNA of a method of the 
invention and that does not substantially inhibit the activity of the enzymes employed. The 
temperature can be in the range of preferably about 25° C to about 85° C, more preferably about 
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30° C to about 75° C, and most preferably about 37° C to about 70° C. In the processes that 
include RNA transcription, the temperature for the transcription steps is lower than the 
temperature(s) for the preceding steps. In these processes, the temperature of the transcription 
steps can be in the range of preferably about 25° C to about 85° C, more preferably about 30° C 
to about 75° C, and most preferably about 37° C to about 55° C. 

[00307] As disclosed in U.S. Patent Nos. 6,048,696 and 6,030,814, as well as in German 
Patent No, DE441 1588C1, all of which are incorporated herein by reference and made part of 
the present invention, it is preferred in many embodiments to use a final concentration of about 
0.25 M, about 0.5 M, about 1.0 M, about 1.5 M, about 2.0 M, about 2.5 M or between about 
0.25 M and 2.5 M betaine (trimethylglycine) in DNA polymerase or reverse transcriptase 
reactions in order to decrease DNA polymerase stops and increase the specificity of reactions 
which use a DNA polymerase. 

[00308] Nucleotide and/or nucleotide analogs, such as deoxyribonucleoside triphosphates, 
that can be employed for synthesis of reverse transcription or primer extension products in the 
methods of the invention are provided in an amount that is determined to be optimal or useful 
for a particular intended use. 

[00309] The oligonucleotide components of reactions of the invention are generally in 
excess of the number of target nucleic acid sequence to be amplified. They can be provided at 
about or at least about any of the following: 10, 10^ 10^, 10^ 10^ 10*^, 10^^ times the amount of 
target nucleic acid. Promoter splice template oligos, splice templates, promoter ligation oligos, 
ligation splint oligos, promoter primers, blocker sequence oligos, and strsmd-displacement 
primers, and the like, can each be provided at about or at least about any of the following 
concentrations: 50 nM, 100 nM, 500 nM, 1000 nM, 2500 nM, 5000 nM, or 10,000 nM, but 
higher or lower concentrations can also be used. By way of example, but not of limitation, a 
concentration of one or more oligonucleotides may be desirable for production of one or more 
target nucleic acid sequences that are used in another application or process. The invention is 
not limited to a particular concentration of an oligonucleotide, so long as the concentration is 
effective in a particular method of the invention. 

[00310] In some embodiments, the foregoing components are added simultaneously at the 
initiation of the process. In other embodiments, components are added in any order prior to or 
after appropriate time points during the process, as required and/or permitted by the reaction. 
Such time points can readily be identified by a person of skill in the art. The enzymes used for 
nucleic acid reactions according to the methods of the present invention are generally added to 
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the reaction mixture following a step for denaturation of a double-stranded target nucleic acid in 
or from a sample, and/or following hybridization of primers and/or oligos of a reaction to a 
denatured double-stranded or single-stranded target nucleic acid, as determined by their thermal 
stability and/or other considerations known to the person of skill in the art. 
[0031 1] The reactions can be stopped at various time points, and resumed at a later time. 
The time points can readily be identified by a person of skill in the art. Methods for stopping the 
reactions are known in the art, including, for example, cooling the reaction mixture to a 
temperature that inhibits enzyme activity. Methods for resuming the reactions are also known in 
the art, including, for example, raising the temperature of the reaction mixture to a temperature 
that permits enzyme activity. In some embodiments, one or more of the components of the 
reactions is replenished prior to, at, or following the resumption of the reactions. Alternatively, 
the reaction can be allowed to proceed (i.e., from start to finish) without interruption. 

10. Detection and Identification of Reaction Products 

[00312] In some embodiments, the detection of the product is indicative of the presence 
of the target sequence. Quantitative analysis, including analysis in real time, can also be 
performed in some embodiments. Direct and indirect detection methods (including 
quantification) are well known in the art. For example, by comparing the amount of product 
amplified from a test sample containing an unknown amount of a polynucleotide containing a 
target sequence to the product of a reference sample that has a known quantity of a 
polynucleotide that contains the target sequence, the amount of target sequence in the test 
sample can be determined. The methods of the present invention can also be extended to 
analysis of sequence alterations and sequencing of the target nucleic acid. The amplified nucleic 
acid can be sequenced using any suitable procedure. Many such procedures are known. 
Preferred forms of sequencing for use with amplified sequences produced from some 
embodiments are nanosequencing methods described by Jalanko et al.. Clinical Chemistrv 
38:39-43, 1992; Nikiforov et al.. Nucleic Acids Research 22:4167-4175, 1994; and Kobayashi et 
al.. Molecular and Cellular Probes 9:175-182, 1995, and primer extension sequencing, as 
described in PCT Application WO 97/20948, all of which references are included herein by 
reference. Further, detection could be effected by, for example, examination of translation 
products from RNA products. 
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B. Methods for Obtaining a ssDNA Comprising a Target Sequence 

1. General Aspects and Methods for Obtaining a Target Sequence 

[00313] An initial step in obtaining a target sequence is rendering the target nucleic acid 
single-stranded. If the target nucleic acid is a double-stranded DNA (dsDNA), the initial step is 
target denaturation. The denaturation step may be thermal denaturation or any other method 
known in the art, such as alkali treatment. 

[00314] In some embodiments of the invention in which the target nucleic acid in a 
sample is DNA, the ssDNA target sequence comprises either ssDNA that is present in a 
biological sample or ssDNA that is obtained by denaturation of dsDNA in the sample. 
[00315] In other embodiments, the ssDNA target sequence comprises ssDNA that is 
obtained as a result of a "primer extension reaction," meaning an in vitro or in vivo DNA 
polymerization reaction using either ssDNA or denatured dsDNA that is present in the sample as 
a template and an oligonucleotide as a primer under DNA polymerization reaction conditions. A 
"primer" is an oligonucleotide (oligo), generally with a free 3'-OH group, for which at least the 
3*-portion of the oligo is complementary to a portion of the template and which oligo "binds" (or 
"complexes" or "anneals" or "hybridizes"), by hydrogen bonding and other molecular forces, to 
the template to give a primer/template complex for initiation of synthesis by a DNA polymerase, 
and which is extended (i.e., "primer extended") by the addition of covalently bonded bases 
linked at its 3 '-end which are complementary to the template in the process of DNA synthesis. 
The result is a primer extension product. Virtually all DNA polymerases (including reverse 
transcriptases) that are known require complexing of an oligonucleotide to a single-stranded 
template ("priming") to initiate DNA synthesis, whereas RNA replication and transcription 
(copying of RNA from DNA) generally do not require a primer. 

[0031 6] In some embodiments, the target nucleic acid in the sample or the primer 

extension product, or both, are made into smaller DNA fragments by methods known in the art 

in order to generate a DNA target sequence. In some embodiments using samples containing 

DNA target nucleic acids, a ssDNA target sequence and/or a transcription substrate is obtained 

using a strand displacement method, such as but not limited to, a methods described in PCT 

Patent Publication Nos. WO 02/16639; WO 00/56877; and AU 00/29742; of Takara Shuzo 

Company, Kyoto, Japan; U.S. Patent Nos. 5,523,204; 5,536,649; 5,624,825; 5,631,147; 

5,648,211; 5,733,752; 5,744,311; 5,756,702; and 5,916,779 of Becton Dickinson and Company; 

U.S. Patent Nos. 6,238,868; 6,309,833; and 6,326,173 of Nanogen/ Becton Dickinson 

Partnership; U.S. Patent Nos. 5,849,547; 5,874,260; and 6,218,151 of Bio Merieux; U.S. Patent 
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Nos. 5,786,183; 6,087,133; and 6,214,587 of Gen-Probe, Inc.; U.S. Patent No. 6,063,604 of 
Wick et al.; U.S. Patent No. 6,251,639 of Kum; U.S. Patent No. 6,410,278; and PCT Publication 
No. WO 00/28082 of Eiken Kagaku Kabushiki Kaishi, Tokyo, Japan; U.S. Patent Nos. 
5,591,609; 5,614,389; 5,773,733; 5,834,202; and 6,448,017 of Auerbach; and U.S. Patent Nos. 
6,124,120; and 6,280,949 of Lizardi, all of which are incorporated herein by reference. In still 
other embodiments, the ssDNA target sequence is obtained from a rolling circle replication 
reaction. The 3 '-end of the DNA target sequence can be defined, if it need be defined, by using 
any suitable method known in the art, such as, but not limited to, a method discussed in the 
section herein entitled "Methods for Defining the 5'- and 3 '-Ends of Target Sequences That 
Comprise Only a Portion of a Larger RNA or DNA Target Nucleic Acid." 
[00317] If the target nucleic acid is RNA, the initial step for obtaining a target sequence 
comprises synthesis of a single-stranded first-strand cDNA by reverse transcription of the RNA 
target, meaning an in vitro reaction that utilizes an RNA present in a sample as a template and a 
nucleic acid oligonucleotide that is complementary to at least a portion of a sequence of the 
RNA template as a primer in order to synthesize ssDNA using an RNA-dependent DNA 
polymerase (i.e., reverse transcriptase) under reaction conditions. Techniques for the synthesis 
of cDNA from RNA are known in the art. In some embodiments, a first-strand cDNA for use in 
methods of the invention is synthesized in situ in cells or tissue in a tissue section using methods 
similar to those described in U.S. Patent Nos. 5,168,038; 5,021,335; and 5,514,545, which are 
incorporated herein by reference. Thus, the first-strand cDNA is synthesized by contacting the 
cells or tissue in the tissue section under hybridizing conditions with a primer, wherein the 
primer hybridizes to one or more target sequences in the cell or tissue. The present invention 
comprises a method for making a transcription substrate comprising first-strand cDNA that is 
complementary to a target sequence in cells or tissue in a tissue section, the method comprising: 
(a) contacting the cells or tissue in the tissue section under hybridizing conditions with a 
promoter primer, the promoter primer comprising (i) a 5 '-portion comprising a ssDNA 
transcription promoter for an RNA polymerase that synthesize RNA using a ssDNA 
transcription substrate, and (ii) a 3 '-end that is complementary to a target sequence in a target 
nucleic acid; and (b) contacting the cells or tissue containing the promoter primer in the tissue 
section with a reverse transcriptase under reverse transcription conditions so as to obtain a first- 
strand cDNA that is complementary to the target sequence; and (c) obtaining first-strand cDNA, 
wherein the first-strand cDNA comprises a ssDNA transcription substrate for the an RNA 
polymerase that binds to the promoter. 
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[0031 8] An oligonucleotide primer can be complementary to a specific known sequence 
in the RNA target in a sample, or an oligonucleotide primer can comprise a mixture of all 
possible or many possible sequences, such as, but not limited to, a primer comprising a random 
hexamer priming sequence. Random primers can be made by using an oligonucleotide 
synthesizer by including nucleotide reagents that are complementary to each of the four 
canonical bases (i.e., all four nucleotides) during the chemical synthesis of each nucleotide 
position of the oligonucleotide that is complementary to the target sequence. In embodiments of 
the invention using samples containing mRNA targets, the ssDNA target sequence comprises 
first-strand cDNA that is made by reverse transcription of the mRNA using an oligonucleotide 
primer comprising either a specific sequence which is complementary to a known sequence of a 
specific mRNA or, if the mRNA has a poly(A) tail at its 3 '-end, an oligo(dT) primer or an 
oligo(dT) anchor primer. In other embodiments of the invention, a promoter primer is used, 
which serves both to prime synthesis of the first-strand cDNA target sequence and to join a 
transcription promoter to the target sequence. 

2. Methods for Defining the 5'- and 3 '-Ends of Target Sequences That Comprise 
Onlv a Portion of a Larger RNA or DNA Target Nucleic Acid 

[00319] When a method of the invention is used to obtain a transcription product 
corresponding to the complete sequence(s) of one or a multitude of nucleic acid molecules, such 
as, but not limited to the complete sequences (excluding the cap structure) of substantially all 
polyadenylated mRNA molecules in a sample, it is not necessary to devise methods to define the 
5'- and 3'-ends of the sequences. However, if a method of the invention is used to obtain a 
transcription product corresponding to a target sequence that comprises only a portion of a larger 
RNA or DNA nucleic acid in a sample, then methods are needed to delimit the target sequence 
that becomes the transcription template. 

[00320] There are two general approaches for delimiting the ends of the target sequence 
that becomes the transcription template sequence. In the first direct approach, methods are used 
to determine the size and end sequences of a target nucleic acid molecule or molecules present in 
the sample itself. In the second indirect approach, instead of changing the size and end 
sequences of the target nucleic acid molecules present in a sample, methods are used to 
determine the size and end sequences of one or more first-strand cDNA molecules that is/are 
synthesesized by reverse transcription or primer extension, respectively, of RNA or of at least 
one strand of DNA in a sample. 
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[00321] With respect to the direct approach, a number of methods are known in the art for 
cleaving a nucleic acid molecule at or near a specific sequence, and any of the methods which 
delimit the size and end sequences of a target nucleic acid for an application of the present 
invention can be used. By way of example, but not of limitation, a DNA in a sample comprising 
a dsDNA molecule or a ssDNA molecule to which an appropriate complementary DNA oligo is 
annealed can be digested with a restriction endonuclease, provided a restriction site that would 
provide a suitable 5 '-end and/or 3 '-end sequence is present. Alternatively, one or more DNA 
oligonucleotides having a double-stranded segment that contains a Fokl restriction enzyme site 
and a single-stranded segment that binds to the desired cleavage site on a first-strand cDNA can 
be used. As is well known in the art, this type of oligonucleotide can be used with the restriction 
enzyme Fokl to cut a single-stranded DNA at almost any desired sequence (Szybalski, W., Gene 
40:169-173, 1985; Podhajska A. J. and Szybalski W., Gene 40:175, 1985, incorporated herein 
by reference). 

[00322] By way of further example, but not of limitation, a ssRNA target nucleic acid 
present in a sample can be cleaved using a ribonuclease H in regions to which complementary 
oligonucleotides comprising at least three-to-four deoxynucleotides are annealed. Alternatively, 
a linear DNA oligonucleotide can be annealed to an RNA in a sample at a location that encodes 
a recognition site of a restriction enzyme that can cut RNA:DNA heteroduplexes. Cutting the 
target RNA:DNA oligo with the enzyme will then generate a defined end. Alternatively, an 
RNA or DNA oligo or polynucleotide with a sequence complementary to the region of an RNA 
target sequence that is intended to become a transcription substrate can be annealed to the RNA 
and the sequences of the RNA to which the oligo or polynucleotide is not annealed can be 
digested using a single-strand-specific ribonuclease, such as RNase A or RNase Tl . Still 
further, either RNA or DNA nucleic acids of known sequence can be cleaved at specific sites 
using a 5 '-nuclease or Cleavase™ enzyme and specific oligonucleotides, as described by 
Kwiatkowski, et al-, (Molecular Diagnosis 4:353-364, 1999) and in U.S. Patent No. 6,001,567 
and related patents assigned to Third Wave Technologies (Madison, WI, USA), which are 
incorporated herein by reference. 

[00323] In general, with respect to the second indirect approach, the 5 '-end of the primer 
that is used for reverse transcription of RNA in a sample or for primer extension of at least one 
strand of DNA in a sample defines the 5 '-end of the first-strand cDNA target sequence. Thus, a 
sample target nucleic acid that is reverse transcribed or primer extended to make a first-strand 
cDNA target sequence need not have a defined 3 '-end. 
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[00324] In order to generate a defined 3 '-end on a first-strand cDNA (i.e., corresponding 
to the 5 '-end of the target sequence), a number of methods can be used to obtain a target 
sequence of the present invention. By way of example, but not of Hmitation, if a specific 
sequence is present in the first-strand cDNA that corresponds to a restriction endonuclease site 
that would provide a suitable 3 '-end sequence, a complementary DNA oligo can be annealed to 
this sequence and the site can be cleaved with the restriction enzyme. The complementary DNA 
oligo used to provide the double-stranded restriction site can optionally have a 2', 3'- 
dideoxynucleotide or another terminator nucleotide at its 3 -end so that it cannot be extended by 
a DNA polymerase. Altematively, the 3 '-end of the target sequence can be defined using a 
DNA oligonucleotide having a double-stranded segment that contains a Fokl restriction enzyme 
site and a single-stranded segment that binds to the desired cleavage site on a first-strand cDNA 
(Szybalski, W., Gene 40:169-173, 1985; Podhajska A. J. and Szybalski W., Gene 40:175, 1985). 
Still further, a 5 '-nuclease can be used to cleave a first-strand cDNA at a defined 3 '-end as 
discussed above. 

[00325] In addition to the above methods, the 3 '-end of a first-strand cDNA can also be 
limited by other methods. A preferred method of the invention is to use a "blocking oligo" or a 
"blocker sequence," as disclosed by Laney, et al. in U.S. Patent No. 5,679,512, and by Kum in 
U.S. Patent No. 6,251,639, both of which are incorporated herein by reference. The "blocker 
sequence" or "blocker oligo" is a polynucleotide, which is usually a synthetic polynucleotide 
that is single-stranded and comprises a sequence that is hybridizable, and preferably 
complementary, to a segment of target nucleic acid, wherein the blocking oligo anneals to the 
target nucleic acid so as to block further primer extension of the 3 '-end of first-strand cDNA at a 
desired position. Some embodiments of strand displacement methods of the present invention 
for obtaining a ssDNA transcription substrate comprise use of a blocking oligo. The blocking 
oligo comprises nucleotides that bind to the target nucleic acid with an affinity, preferably a high 
affinity, such that the blocker sequence resists displacement by DNA polymerase in the course 
of primer extension, in preferably more than about 30%, more preferably more than about 50%, 
even more preferably more than about 75%, and most preferably more than about 90%, of 
primer extension events. The length and composition of the blocker polynucleotide should be 
such that excessive random non-specific hybridization is avoided under the conditions of the 
methods of the present invention. The length of the blocker poljoiucleotide is preferably from 
about 3 to about 30 nucleotides, more preferably fi-om about 5 to about 25 nucleotides, even 
more preferably from about 8 to about 20 nucleotides, and most preferably firom about 10 to 
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about 15 nucleotides. In other embodiments, the blocker polynucleotide is at least about any of 
the following: 3, 5, 8, 10, 15; and less than about any of the following: 20, 25, 30, 35. It is 
understood that the length can be greater or less as appropriate imder the reaction conditions of 
the methods of this invention. The complementarity of the blocker polynucleotide is preferably 
at least about 25%, more preferably at least about 50%, even more preferably at least about 75%, 
and most preferably at least about 90%, to its intended binding sequence on the target nucleic 
acid. In some embodiments, the blocker sequence that hybridizes to a DNA target nucleic acid is 
attached to the DNA such that displacement of the blocker sequence by the polymerase that 
affects primer extension is substantially, or at least sufficiently, inhibited. Suitable methods for 
achieving such attachment include techniques known in the art, such as using a cytosine analog 
that contains a G-clamp heterocycle modification as described by Flanagan et al., fProc. Natl. 
Acad. Sci. USA 96:3513-3518, 1999); and locked nucleic acids as described, e.g., by Kumar et 
al., (Bioorg. Med. Chem. Lett. 8:2219-2222, 1998; and by Wahlestedt et al. (Proc. Natl. Acad. 
Sci. USA 97:5633-5638, 2000), all of which are incorporated herein by reference. Other 
suitable methods include using, where appropriate, sequences with a high GC content and/or 
cross-linking. Any of these methods for obtaining enhanced attachment may be used alone or in 
combination. Alternatively, a molecule comprising a peptide nucleic acid ("PNA") can be used. 
[00326] Still further, another method that can be used to limit the 3 '-end of a first-strand 
cDNA is to use a thermocycler with short DNA synthesis elongation cycles during reverse 
transcription or primer extension to synthesize first-strand cDNA. The length of the primer 
extension product can be somewhat controlled by the length of the DNA synthesis cycle. 
Conditions can be determined to define an approximate chain length of first-strand cDNA by 
controlling the temperature and time interval of DNA synthesis before denaturing the growing 
first-strand cDNA fi-om the template by raising the temperature. 

[00327] Further, the 3*-end of a first-strand cDNA that is to become the template 
sequence for a transcription reaction can be defined by first amplifying the target nucleic acid 
sequence using any suitable amplification method that delimits the end sequence. By way of 
example, but not of limitation, it can be prepared using PGR, RT-PCR, NASBA, TMA, 3SR, 
Ligation Chain Reaction (LCR), Linked Linear Amplification (BioRad), SDA, RCA, ICAN™ 
(Takara: Sagawa et al. in PCX Patent Publication No. WO 02/16639; and in PCT Patent 
Publications Nos. WO 00/56877 and AU 00/29742; or a strand-displacement method of Kum 
(U.S. Patent No. 6,251,639), all of which are incorporated herein by reference. 
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[00328] If a 3 '-end of a target sequence need not be at an exact location, and can be 
random or imprecise, which is the case in some embodiments of the invention, there are a 
number of other methods that can be used for making smaller fragments of a DNA molecule, 
whether for a target nucleic acid, a target sequence, or otherwise. By way of example, but not of 
limitation, a target nucleic acid can be fragmented by physical means, such as by movement in 
and out of a syringe needle or other orifice or by sonication, preferably with subsequent end 
repair, such as using a T4 DNA polymerase or a kit, such as the End-It'*''^ DNA End Repair Kit 
(Epicentre Technologies, Madison, WI, USA). Still another method that can be used is to 
incorporate dUMP randomly into the first-strand cDNA during reverse transcription or primer 
extension by using dUTP in place of a portion of the TTP in the reaction. The dUMP will be 
incorporated randomly in place of TMP at a frequency based on the ratio of dUTP to TTP. 
Then, the first-strand cDNA can be cleaved at sites of dUMP incorporation by treatment (e.g., 
see U.S. Patent No. 6,048,696, incorporated herein by reference) with uracil-N-glycosylase 
(UNG) and endonuclease IV (endo IV), which are available from Epicentre Technologies 
(Madison, WI, USA). UNG hydrolyzes the N-glycosidic bond between the deoxyribose sugar 
and uracil in single- and double-stranded DNA that contains uracil in place of thymidine. It has 
no activity on uracil residues in RNA or on dUTP. Endo IV cleaves the phosphodiester linkage 
at the abasic site. It may be usefiil to use a thermolabile UNG (e.g., HK™-UNG from Epicentre 
Technologies, Madison, Wisconsin, USA) for some applications. (Also, incorporation of dUMP 
at specific sites within a synthetic oligonucleotide or, for example, within a promoter primer of 
the invention between the 3 '-target-sequence-complementary portion and the promoter 
sequence, introduces specific cleavage sites which can be used at any time to cleave a resulting 
nucleic acid which contains the site by treatment with UNG and endo IV.) Still fiirther, in some 
cases, the 3 '-end of a first-strand cDNA can be defined by treatment with exonuclease III 
(Henikoff, S., Gene 28:351, 1984). In still other cases, the 3'-end of a first-strand cDNA that is 
annealed to a DNA target nucleic acid can be incubated with T4 DNA polymerase or 
unmodified T7 DNA polymerase (Epicentre Technologies, Madison, WI) in the absence or the 
presence of dNTPs in the reaction; these enzymes have the 3'-to-5' exonuclease activity in the 
absence of dNTPs, but the polymerase activity predominates in the presence of dNTPs. These 
are only some of the methods that can be used to define the 3 '-ends of a first- strand cDNA, and 
the invention is not limited to these methods, which are presented only as examples. 
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C. Methods for Obtaining a Transcription Substrate 
1. Introduction 

[00329] The invention includes a number of embodiments for obtaining a transcription 
substrate. In a first general embodiment, a ssDNA transcription substrate is obtained by using a 
promoter splice template oligo, comprising an anti-sense transcription promoter in its 5 '-portion, 
as a template for DNA polymerase- or reverse transcriptase-catalyzed extension of the 3 '-end of 
first-strand cDNA that is complementary to a target sequence. This first general embodiment 
results in a transcription substrate with a sense transcription promoter 3 '-of a target sequence. In 
a second general embodiment, a ssDNA transcription substrate is obtained by ligating a 
promoter ligation oligo, comprising a sense transcription promoter, to the 3 '-end of a target 
sequence. In this embodiment, the target sequence can comprise first-strand cDNA that is 
complementary to a DNA or RNA target sequence or, if the target nucleic acid is DNA and the 
3'-end of the target sequence is suitably delimited, the promoter ligation oligo can be ligated 
directly onto the 3*-end of the target sequence. In a third general embodiment, a ssDNA 
transcription substrate is obtained by synthesizing first-strand cDNA by a reverse transcription 
or primer extension of a promoter primer comprising a sense transcription promoter in its 5'- 
portion and a sequence complementary to the target sequence at its 3 '-end and then ligating the 
resulting linear first-strand cDNA to obtain a circular ssDNA transcription substrate comprising 
a promoter-containing circular first-strand cDNA. A linear ssDNA transcription substrate 
resulting firom the first or second general embodiments can also be ligated to make a circular 
ssDNA transcription substrate. In still other embodiments, any of the above circular ssDNA 
transcription substrates is linearized 3 '-of a sense transcription promoter sequence to obtain a 
linear ssDNA transcription substrate having the promoter 3'-of the target sequence. 
[00330] In still another embodiment, a ssDNA transcription substrate comprising second- 
strand cDNA is obtained by (a) synthesizing first-strand cDNA using a reverse transcriptase or a 
DNA polymerase and a primer comprising an anti-sense transcription promoter in its 5 '-portion 
and a sequence complementary to the target sequence at its 3 '-end; (b) ligating the resulting 
linear first-strand cDNA to obtain a circular first-strand cDNA having an anti-sense transcription 
promoter; and (c) obtaining a linear second-strand cDNA comprising a ssDNA transcription 
substrate by DNA synthesis using the circular first-strand cDNA as a template, a primer with a 
3 '-end complementary to a sequence on first-strand cDNA and a DNA polymerase, preferably a 
strand-displacing DNA polymerase that results in strand-displacement DNA synthesis of the 
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linear transcription substrate. In this embodiment, the transcription product of the transcription 
substrate comprises an anti-sense transcription product. 

[00331] In yet another embodiment, a ssDNA transcription substrate comprising second- 
strand cDNA is obtained by (a) synthesizing linear first-strand cDNA having an anti-sense 
promoter 3'-of a target sequence using a primer, a reverse transcriptase or DNA polymerase, and 
a splice template oligo having sense promoter in its 5*-portion and a sequence complementary to 
the t2irget sequence at its 3 '-end; (b) ligating the resulting linear first-strand cDNA to obtain a 
circular first-strand cDNA having an anti-sense transcription promoter; and (c) obtaining a linear 
second-strand cDNA comprising a ssDNA transcription substrate by DNA synthesis using the 
circular first-strand cDNA as a template, a primer with a 3 '-end complementary to a sequence on 
the first-strand cDNA and a DNA polymerase, preferably a strand-displacing DNA polymerase 
that results in strand-displacement DNA synthesis of the linear transcription substrate. In this 
embodiment, the transcription product of the transcription substrate comprises an anti-sense 
transcription product. 

[00332] In still another embodiment, a ssDNA transcription substrate comprising second- 
strand cDNA is obtained by (a) synthesizing linear first-strand cDNA using a primer and a 
reverse transcriptase or DNA polymerase; (b) ligating an oligonucleotide comprising an anti- 
sense promoter to the 3'-end of the first-strand cDNA target sequence; (c) ligating the resulting 
linear first-strand cDNA having an anti-sense promoter to obtain a circular first-strand cDNA 
having an anti-sense transcription promoter; and (c) synthesizing a linear second-strand cDNA, 
comprising a ssDNA transcription substrate, by DNA synthesis using the circular first-strand 
cDNA as a template, a primer with a 3 '-end complementary to a sequence on first-strand cDNA 
and a DNA polymerase, preferably a strand-displacing DNA polymerase that results in strand- 
displacement DNA synthesis of the linear transcription substrate. In this embodiment, the 
transcription product of the transcription substrate comprises an anti-sense transcription product. 
[00333] In all of the above embodiments for obtaining a transcription substrate 
comprising second-strand cDNA, the transcription substrate, including the promoter sequence, is 
nevertheless single-stranded, rather than double-stranded as used in the prior art. 
[00334] In addition, the invention also comprises embodiments in which a linear ssDNA 
transcription substrate comprising second-strand cDNA is obtained without attaching either a 
sense or an anti-sense promoter sequence to the target sequence of the first-strand cDNA. By 
way of example, but not of limitation, a splice template oligo or a ligation oligo can be used to 
attach a primer-binding sequence to the 3'-end of a target sequence comprising first-strand 
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cDNA. The splice template oligo or ligation oligo does not comprise a complete sense or anti- 
sense promoter sequence, although the splice template oligo or ligation oligo can (but need not) 
comprise part of a sequence that is complementary to a sense or anti-sense promoter, 
respectively. If the splice template oligo or ligation oligo comprises part of a promoter 
sequence, the first-strand cDNA will have a portion of an anti-sense promoter sequence on its 3 - 
end, providing an annealing site for a primer comprising a sense promoter sequence that can be 
used for synthesis of a ssDNA transcription substrate comprising second-strand cDNA. If the 
splice template oligo or ligation oligo does not comprise part of a promoter sequence, then the 
respective oligo will have another sequence that provides an annealing site for another primer 
that has a complete sense promoter of the invention, thereby permitting synthesis of ssDNA 
transcription substrate comprising second-strand cDNA by primer extension. 
[00335] The embodiments of processes for obtaining a transcription substrate for methods 
of the invention described above are provided only as examples, and are not intended to limit the 
present invention. The description above and herein will reveal and make evident to those with 
knowledge in the art numerous other embodiments of methods and processes for obtaining a 
transcription substrate for use in making a transcription product corresponding to a target nucleic 
acid sequence in a method of the invention, and the invention includes all of those methods and 
processes for obtaining a transcription substrate for use in the methods. 
[00336] In embodiments in which the target sequences comprise mRNA, whether of a 
single species of mRNA or all of the mRNA in a particular sample, the transcription products 
C£in subsequently be used for a variety of applications. By way of example, but not of limitation, 
transcription products can be used for in vitro or in vivo translation, for use as RNAi to silence 
one or more genes in vivo, for spotting on a surface to make expression arrays or microarrays, or 
for making hybridization probes for arrays or microarrays for gene expression profiling or other 
uses. In still other embodiments, methods of the invention can be used to make first-strand 
cDNA from mRNA, which in turn can be used for techniques such as random amplification of 
cDNA ends (RACE) or to make hybridization probes. 

2. Obtaining a ssDNA Transcription Substrate Using a Splice Template Oligo or Promoter 
Splice Template Oligo 

a. Definitions and Methods for Using Splice Template Oligos 

[00337] A "splice template" or "splice template oligo" is an oligonucleotide that 
complexes with a single-stranded target nucleic acid and is used as a template to extend the 3'- 
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terminus of the target sequence in order to add a specific sequence. The 3 '-portion of a splice 
template is sufficiently complementary to the 3 '-terminus of the target sequence that is to be 
extended to anneal thereto. A DNA- or RNA-dependent DNA polymerase is then used to 
extend the target nucleic acid molecule using the sequence in the 5 '-portion of the splice 
template oligo as a template. The extension product of the primer-extended molecule has the 
specific sequence at its 3 '-terminus that is complementary to the sequence in the 5 '-portion of 
the splice template oligo. 

[00338] A preferred embodiment of a splice template of the present invention is a 
"promoter splice template" or a "promoter splice template oligo." A promoter splice template 
oligo comprises a sequence in its 3 '-portion that is sufficiently complementary to the 3*-end of 
the target sequence to anneal thereto and a sequence in it 5'-portion that is complementary to a 
sequence comprising a single-stranded transcription promoter of the invention. Thus, a 
promoter splice template oligo can provide a template for synthesis of a sequence comprising a 
transcription promoter at the 3 '-end of first-strand cDNA obtained either by reverse transcriptase 
primer extension of a target sequence comprising an RNA target nucleic acid, such as, but not 
limited to, an mRNA target, or by DNA polymerase primer extension of a target sequence 
comprising DNA. If the promoter splice template is annealed to the end of first-strand cDNA 
made by primer extension of a target nucleic acid, and the promoter splice template comprises a 
sequence that is complementary to a fiinctional transcription promoter (i.e., the promoter splice 
template has an anti-sense promoter sequence), then the first-stremd cDNA will have a sense 
promoter and will therefore comprise a ssDNA transcription substrate of the invention. In one 
embodiment, which is a preferred embodiment, transcription of a ssDNA transcription substrate 
results in synthesis of transcription products having a sequence identical to that of the target 
sequence. 

[00339] However, the invention also comprises other embodiments. Thus, in one 
embodiment, if the 3 '-end of a DNA target nucleic acid in a sample has a defined 3 -end and is 
itself primer-extended on a promoter splice template oligo comprising an anti-sense promoter 
sequence (i.e., the target sequence is used directly without being copied using a DNA 
polymerase to obtain first-strand cDNA), then the transcription products made using the ssDNA 
transcription substrate will be complementary to the target nucleic acid (i.e., the transcription 
products can comprise anti-sense RNA or "aRNA"). In another embodiment, if the splice 
template comprises a sense promoter sequence, primer extension of first-strand cDNA annealed 
to the promoter splice template results in first-strand cDNA having an anti-sense (i.e., non- 
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functional) promoter. However, if this linear anti-sense-promoter-containing first-strand cDNA 
is circularized using a ligase under ligation conditions, and replicated by rolling circle 
replication using a strand displacement primer and a strand-displacing DNA polymerase, the 
resulting second-strand cDNA will comprise a ssDNA transcription substrate with functional 
sense promoters. Transcription of this transcription substrate results in synthesis of transcription 
products that are complementary to the target sequence (i.e., antisense transcription products or 
aRNA). 

[00340] If the 3' terminus of a splice template is not blocked and is complementary to the 
target nucleic acid, the splice template itself may also act as a primer and be primer-extended by 
the DNA polymerase using the target nucleic acid molecule as a template. Since an RNA 
polymerase of the present invention can bind to a promoter in a ssDNA transcription substrate 
and initiate and synthesize RNA therefrom, in most embodiments of the present invention, the 
3 '-terminus of a splice template, including a promoter splice template oligo, is blocked in any of 
a variety of ways, including, but not limited to, using a terminal 2',3*-dideoxynucleotide or a 3'- 
terminal sequence that is non-complementary to the target, or in other ways well known to those 
skilled in the art. It is also possible to block the 3 '-end using a label, or a small molecule that is 
a member of a specific binding pair, such as biotin. 

[00341] Some embodiments of the invention comprise methods that use a promoter splice 
template oligo for obtaining a ssDNA transcription substrate for making a transcription product 
corresponding to a target nucleic acid sequence, wherein the ssDNA transcription substrate 
comprises a promoter-containing first-strand cDNA and wherein the promoter-containing first- 
strand cDNA comprises (i) a transcription promoter for an RNA polymerase that synthesizes 
RNA from a ssDNA promoter-containing template under transcription conditions and (ii) a 
target nucleic acid sequence, at least a portion of which target sequence either comprises, or, is 
complementary to, at least a portion of a nucleic acid sequence in a target nucleic acid present in 
a sample, and wherein the transcription promoter is 3 '-of the target sequence in the ssDNA 
transcription substrate. 

[00342] With respect to embodiments that use a promoter splice template oligo, one 
embodiment of the invention comprises a method for obtaining a ssDNA transcription substrate 
of the invention for making a transcription product corresponding to a target sequence in a target 
nucleic acid comprising single-stranded DNA or RNA, the method comprising: 
[00343] a. obtaining a primer for synthesis of a first-strand cDNA, the primer comprising 
a sequence that is complementary to the 3 '-end of the target sequence that is to be transcribed; 
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[00344] b. optionally, obtaining a blocking oligo, the blocking oligo comprising a 
sequence that anneals tightly to a sequence on the target nucleic acid so as to delimit the 3 '-end 
of a primer extension product of the primer using the target nucleic acid as a template, wherein 
the blocking oligo is not displaced by the primer extension product, and wherein the blocking 
oligo is not itself capable of being primer-extended by a DNA polymerase; 
[00345] c. annealing the primer and the blocking oligo, if used, to the target nucleic acid; 
[00346] d. primer-extending the primer annealed to the target nucleic acid with a DNA 
polymerase under DNA synthesis conditions so as to obtain a linear first-strand cDNA that is 
complementEu-y to the target sequence to which the primer is annealed; 

[00347] e. optionally, removing the target nucleic acid that is annealed to the linear first- 
strand cDNA; 

[00348] f optionally, adding one or more tail sequences to the 3 '-end of the first-strand 
cDNA obtained by primer extension of the primer; 

[00349] g. obtaining a promoter splice template oligo, wherein the promoter splice 
template oligo comprises (i) a 3 '-end that is sufficiently homologous to the 3 '-end of the linear 
first-strand cDNA to hybridize therewith, and (ii) a 5 '-portion that comprises a sequence that is 
complementary to transcription promoter for an RNA polymerase that can synthesize RNA 
using a ssDNA transcription substrate; 

[00350] h. annealing the promoter splice template oligo to the linear first-strand cDNA, 
including the tail, if present; 

[00351] i. primer-extending the first-strand cDNA including the tail, if present, with a 
DNA polymerase under DNA polymerization conditions so as to obtain a promoter-containing 
first-strand cDNA that has a 3 '-portion that is complementary to the portion of the promoter 
splice template oligo that is not hybridizable to the first-strand cDNA including the tail, if 
present; 

[00352] j. removing or dissociating the promoter splice template oligo firom the 
promoter-containing first-strand cDNA, the promoter-containing first-strand cDNA comprising 
a ssDNA transcription substrate; and 

[00353] k. obtaining the ssDNA transcription substrate. 

[00354] As discussed elsewhere herein, a target nucleic acid of the invention can be DNA 
or RNA of any type. By way of example, but not of limitation, a target sequence can comprise a 
target nucleic acid comprising a single species of mRNA or a target sequence can comprise a 
target nucleic acid comprising all of the mRNA in a sample. 
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[00355] In synthesizing first-strand cDNA from mRNA, when the reverse transcriptase 
reaches the 5 '-end of the mRNA, it can add a non-templated dCMP residue to the 3* -end of full- 
length first-strand cDNA. The two dCMP residues, including the dG-templated dCMP resulting 
from an mRNA G[5']ppp[5']G cap structure, provide an annealing site for a splice template 
oligo or a promoter splice template oligo that comprises a sequence that has at least two G 
nucleotide residues at or near its 3 '-end. Thus, when annealed to the 3 '-end of "tailed" first- 
strand cDNA, the splice template oligo or promoter splice template oligo serves as a template 
for primer extension of first-strand cDNA. If a promoter splice template oligo is used, a 
sequence comprising a transcription promoter sequence is added to the 3 '-end. The present 
invention differs from the method of Chenchik et al. (U.S. Patent No. 5,962,272, incorporated 
herein by reference) in a nxmiber of ways. By way of example, a template switch 
oligonucleotide of Chenchik et al- has at least one ribonucleotide at its 3 '-end portion, and uses 
the 3 '-end of the template switch oligonucleotide to prime synthesis of second-strand cDNA 
strand. In contrast, since a transcription substrate of the present invention comprises ssDNA, a 
promoter splice template oligo of the present invention is not used to prime synthesis of second- 
strand cDNA and the 3 '-terminal nucleotide of the promoter splice template oligo is preferably a 
terminator nucleotide such as, but not limited to, a dideoxynucleotide. 
[00356] hi some embodiments of methods of the invention for making a transcription 
substrate using a splice template oligo or promoter splice template oligo, three to four non- 
templated dCMP residues are added to the 3 '-end of the target sequence in first-strand cDNA by 
using a reverse transcriptase in the presence manganese cations and/or two to four rNMP 
residues are added to the 3 '-end by controlled ribonucleotide tailing using terminal 
deoxynucleotidyl transferase (Schmidt, W.M. and Mueller, M.W., Nucleic Acids Res. 24:1789- 
91, 1996; Ibid, Nucleic Acids Res. 27:e31 (i-iv), 1999, both incorporated herein by reference). 
These additional three to four dCMP residues and/or two to four rNMP residues on the 3 '-end of 
the target sequence in first-strand cDNA provide a site with an even greater degree of homology 
(compared to Chenchik's method) for annealing to the 3 '-end of the splice template oligo or 
promoter splice template oligo. By way of example, but not of limitation, the splice template 
oligo or promoter splice template oligo can have two to four nucleotides that are complementary 
to corresponding rNMP residues at the 3 '-end of first-strand cDNA from controlled 
ribonucleotide tailing and the splice template oligo or promoter splice template oligo can have 
three to four G nucleotide residues that are complementary to the dCMP residues at or near the 
3 '-end of first-strand cDNA, providing additional nucleotides for annealing to the splice 
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template oligo. A promoter splice template oligo amiealed to the 3 '-end of first-strand cDNA 
serves as a template for extension of first-strand cDNA by an enzyme with DNA polymerase 
activity, with concomitant synthesis of a sequence comprising a transcription promoter sequence 
at its 3*-end. The DNA polymerase used for primer extension of the first-strand cDNA can be a 
DNA-dependent DNA polymerase or an RNA-dependent DNA polymerase (i.e., reverse 
transcriptase), depending on whether the composition of the splice template oligo or promoter 
splice template oligo is DNA or RNA, respectively. Preferably, a DNA polymerase with both 
DNA-dependent and RNA-dependent DNA polymerase activity is used. By way of example, 
but not of limitation, preferred DNA polymerases of the invention include MMLV reverse 
transcriptase (including both RNase H-containing enzyme and mutant forms of the enzyme 
which lack substantial RNase H activity, depending on the particular application and method of 
the invention used), AMV reverse transcriptase, and rBst DNA pol>rmerase large fi-agment 
(Epicentre Technologies, Madison, WI, USA). Since no synthesis of a second cDNA strand is 
needed or performed to prepare transcription substrates for the RNA polymerases of the 
invention, the 3 '-terminal nucleotide of the splice template oligo or promoter splice template 
oligo is preferably a terminator nucleotide such as, but not limited to, a dideoxynucleotide. In 
some embodiments, the target sequence used comprises full-length first-strand cDNA prepared 
from mRNA in a sample. 

[00357] Thus, one embodiment of the invention that uses a promoter splice template oligo 
is a method for making a transcription product corresponding to a target sequence comprising a 
target nucleic acid comprising mRNA in a sample (FIG. 18), the method comprising: 
[00358] a. obtaining target nucleic acid comprising mRNA; 

[00359] b. obtaining a primer for synthesis of a first-strand cDNA that is complementary 
to the mRNA, the primer chosen from among: (i) an oligo(dT) primer, and (ii) an oligo(dT) 
anchor primer; (iii) a primer that is complementary to a specific sequence at the 3 '-end of an 
mRNA, and (iv) a primer in a mixture of primers, the primer comprising a sequence of 
nucleotides, each of which nucleotides comprises a random nucleotide base that is 
complementary to any of the four canonical nucleotide bases; 
[00360] c. annealing the primer to the target mRNA; 

[00361] d. primer-extending (or reverse transcribing) the primer annealed to the target 
mRNA with a DNA polymerase (reverse transcriptase) under DNA synthesis (reverse 
transcription) conditions so as to obtain a linear first-strand cDNA that is complementary to the 
target mRNA to which the primer was annealed; 
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[00362] e. optionally, adding a tail to the first-strand cDNA using one or more methods; 
[00363] f. optionally, removing the target mRNA that is annealed to the linear first-strand 
cDNA; 

[00364] g. obtaining a promoter splice template oligo, wherein the promoter splice 
template oligo comprises (i) a 3 '-end that is sufficiently homologous to the 3 '-end of the linear 
first-strand cDNA, including the tail, if present, to hybridize therewith, and (ii) a 5 '-portion that 
comprises a sequence that is complementary to transcription promoter for an RNA polymerase 
that can synthesize RNA using a ssDNA treinscription substrate; 

[00365] h. annealing the promoter splice template oligo to the linear first-strand cDNA, 
including the tail, if present; 

[00366] i. primer-extending the first-strand cDNA with a DNA polymerase under DNA 
polymerization conditions so as to obtain a promoter-containing first-strand cDNA that has a 3'- 
portion that is complementary to the portion of the promoter spUce template oligo that is not 
hybridizable to the first-strand cDNA including the tail, if present; 
[00367] j. removing or dissociating the promoter splice template oligo fi-om the 
promoter-containing first-strand cDNA, the promoter-containing first-strand cDNA comprising 
a ssDNA transcription substrate; 

[00368] k, obtaining the ssDNA transcription substrate; 

[00369] 1. contacting the ssDNA transcription substrate from step j with an RNA 
polymerase that transcribes the ssDNA transcription substrate using the promoter under 
transcription conditions so as to obtain transcription products; and 
[00370] m. obtaining the transcription products; 

[00371] Thus a general embodiment of the invention comprises a method for using a 
promoter splice template oligo to make a transcription product corresponding to a target 
sequence in a target nucleic acid, the method comprising: 

[00372] a. obtaining a ssDNA transcription substrate by primer extension of the 3'-end of 
a target sequence using a promoter splice template oligo as a template; 

[00373] b. contacting the ssDNA transcription substrate with an RNA polymerase that 
transcribes the ssDNA transcription substrate using the transcription promoter under 
transcription conditions so as to obtain transcription products; and 
[00374] c. obtaining the transcription products. 

[00375] The methods described above for obtaining a ssDNA transcription substrate using 
a promoter splice template oligo and for making a transcription product corresponding to a 
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target sequence can be performed in a stepwise manner, or, under suitable reaction conditions, 
they can be performed continuously in a single reaction mixture. 

[00376] Thus, one embodiment of the invention that uses a promoter splice template oligo 

comprises a method for obtaining additional rounds of transcription of a target sequence 

comprising a target nucleic acid (FIG. 19), the method comprising: 

[00377] a. obtaining transcription products from step c of the method above; 

[00378] b. obtaining a primer for synthesis of a first-strand cDNA, the primer comprising 

a sequence that is complementary to the 3 '-end of the transcription products comprising the 

target sequence that is to be transcribed; 

[00379] c. annealing the primer to the transcription products; 

[00380] d. primer-extending the primer annealed to the transcription products with a 
DNA polymerase under DNA synthesis conditions so as to obtain a linear first-strand cDNA that 
is complementary to the transcription products to which the primer was annealed; 
[00381] e. optionally, removing the transcription products that are annealed to the linear 
first-strand cDNA; 

[00382] f. obtaining a promoter splice template, wherein the promoter splice template 
comprises a 3 '-end that is sufficiently homologous to the 3 '-end of the linear first-strand cDNA 
to hybridize therewith, and a 5 '-portion that comprises a sequence that is complementary to a 
transcription promoter for an RNA polymerase that can synthesize RNA using a ssDNA 
transcription substrate; 

[00383] g. annealing the promoter splice template to the linear first-strand cDNA; 
[00384] h. primer-extending the first-strand cDNA with a DNA polymerase imder DNA 
polymerization conditions so as to obtain a promoter-containing first-strand cDNA that has a 3'- 
portion that is complementary to the portion of the promoter splice template oligo that is not 
hybridizable to the first-strand cDNA including the tail, if present; 
[00385] i. removing or dissociating the promoter splice template oligo from the 
promoter-containing first-strand cDNA, the promoter-containing first-strand cDNA comprising 
a ssDNA transcription substrate; 

[00386] j. obtaining the ssDNA transcription substrate; 

[00387] k. contacting the ssDNA transcription substrate from step j with an RNA 
polymerase that transcribes the ssDNA transcription substrate using the promoter under 
transcription conditions so as to obtain additional transcription products; and 
[00388] 1, obtaining the additional transcription products; and 
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[00389] m. optionally, repeating steps a through m to obtain additional rounds of 
transcription to obtain transcription products. 

[00390] Another embodiment of the invention comprises a method for obtaining a ssDNA 
transcription substrate of the invention for making a transcription product corresponding to a 
target nucleic acid sequence; wherein the ssDNA transcription substrate comprises a promoter- 
containing second-strand cDNA and wherein the promoter-containing second-strand cDNA 
comprises (i) a transcription promoter for an RNA polymerase that synthesizes RNA from a 
ssDNA promoter-containing template under transcription conditions and (ii) a target nucleic acid 
sequence, at least a portion of which target sequence either comprises or is complementary to at 
least a portion of a nucleic acid sequence in a target nucleic acid present in a sample, and 
wherein the transcription promoter is 3 '-of the target sequence in the ssDNA transcription 
substrate; the method comprising: 

[00391] (a) annealing to a single-stranded target nucleic acid (i) a primer, the primer 
being complementary to the 3 '-end of the single-stranded target nucleic acid sequence, and, 
optionally, (ii) a blocking oligo that anneals to the target nucleic acid at a sequence that delimits 
the 5 '-end of the target sequence in the target nucleic acid; and 

[00392] (b) extending the primer by reverse transcription or primer extension with a 
DNA polymerase so as to obtain a first-strand cDNA that is complementary to the target nucleic 
acid sequence; and 

[00393] (c) optionally, tailing the first-strand cDNA by adding one or more tail 
sequences to the 3 '-end of the first-strand cDNA obtained by reverse transcription or primer 
extension using the primer; and 

[00394] (d) annealing to the 3 '-end of the first-strand cDNA a promoter splice template 
oligo, wherein the promoter splice template oligo comprises: (i) a 3'-portion that is hybridizable 
to the 3 '-end of the first-strand cDNA including the tail, if present, and (ii) a 5 '-portion 
comprising a sequence that encodes a transcription promoter for an RNA polymerase that can 
synthesize RNA using a ssDNA transcription substrate; and 

[00395] (e) extending the first-strand cDNA including the tail, if present, by reverse 
transcription or primer extension with a DNA polymerase so as to obtain an anti-sense- 
promoter-containing first-strand cDNA that has a 3 '-portion that is complementary to the 
portion of the promoter splice template oligo that is not hybridizable to the target nucleic acid 
sequence including the tail, if present; and 



QBMAD\367390.1 



-104- 



[00396] (f) removing or dissociating the target nucleic acid from the anti-sense-promoter- 
containing first-strand cDNA; and 

[00397] (g) circularizing the promoter-containing first-strand cDNA with a ligase under 
ligation reaction conditions; and 

[00398] (h) annealing to the circular anti-sense-promoter-containing first-strand cDNA a 
strand-displacement primer, wherein the strand-displacement primer is complementary to a 
sequence on the anti-sense-promoter-containing first-strand cDNA; and 

[00399] (i) incubating the circular anti-sense-promoter-containing first-strand cDNA to 
which the strand-displacement primer is annealed with a strand-displacing DNA polymerase 
under strand-displacing DNA polymerization conditions so as to obtain linear promoter- 
containing second-strand cDNA, wherein the linear promoter-containing second-strand cDNA 
comprises a ssDNA transcription substrate; and 
[00400] (j) obtaining the ssDNA transcription substrate. 

[00401] Those embodiments of the invention in which a promoter splice template is used 
to generate a ssDNA transcription substrate comprising promoter-containing second-strand 
cDNA will be better imderstood by reading of the invention specification pertaining to DNA 
polymerases, particularly, pertaining to strand-displacing DNA polymerases and rolling circle 
replication. Circularization of anti-sense-promoter-containing first-strand cDNA permits 
generation of a linear ssDNA comprising sense-promoter-containing second-strand cDNA and 
positions the transcription promoter 3 '-of the target sequence, thereby permitting transcription of 
target sequence using an RNA polymerase of the present invention. Transcription of a ssDNA 
transcription substrate comprising second-strand cDNA by an RNA polymerase of the invention 
results in synthesis of anti-sense RNA with respect to the target nucleic acid sequence, whereas 
transcription of a ssDNA transcription substrate comprising first-strand cDNA by an RNA 
polymerase of the invention results in synthesis of sense RNA with respect to the target nucleic 
[00402] In still another embodiment of the invention, a splice template oligo is used to 
add a sense promoter sequence for a T7-type RNAP to the 3 -end of a first-strand cDNA primer 
extension product comprising a target sequence. This embodiment is similar in most respects to 
embodiments for using a promoter splice template oligo to add a single-stranded sense promoter 
for an N4 mini-vRNAP to the 3'-end of a first-strand cDNA comprising a target sequence. 
However, since T7-type RNAPs, including, without limitation, T7, T3 and SP6 RNAP, 
generally use double-stranded promoter sequences for transcription, in this embodiment an 
operable promoter comprises both a sense promoter sequence and an anti-sense promoter 

-105- 

QBMAD\367390.l 



sequence, which sequences are annealed to form a complex. As defined herein, a "sense 
promoter sequence" for a double-stranded promoter means the promoter sequence of an operable 
double-stranded promoter that is joined to the 3 -end of the template strand that is transcribed, 
and an "anti-sense promoter sequence" is a sequence that is complementary to the sense 
promoter sequence. Promoter sequences for many RNA polymerases are well known in the art 
and suitable sense and anti-sense promoter sequences can be identified. By way of example, but 
not of hmitation, suitable sense and anti-sense promoter sequences for T7 RNAP can be found 
in writings by JF Milligan et al. (Nucleic Acids Res., 15: 8783-8798, 1987) and by FW Studier 
et al. (In: Methods in Enzymology, Vol. 185, pp. 60-89, 1990, edited by DV Goeddel, Academic 
Press, Inc., San Diego, CA), both incorporated herein by reference. 
[00403] Thus, this embodiment of the invention comprises a method for obtaining a 
substrate for transcription by a T7-type RNAP that uses a double-stranded promoter, the method 
comprising: (a) obtaining a single-stranded target nucleic acid comprising a target sequence; (b) 
obtaining a primer that anneals to the 3 -end of the target sequence; (c) annealing the primer to 
the target sequence under annealing conditions; (d) synthesizing first-strand cDNA by primer 
extension of the primer annealed to the 3 '-end of the target sequence using a DNA polymerase or 
reverse transcriptase under polymerization conditions; (e) optionally, tailing the first-strand 
cDNA; (f) obtaining a splice template oligo, the splice template oligo comprising an anti-sense 
sequence of a double promoter and wherein the 3 '-end portion of the splice template oligo 
anneals to the 3*-end of the first-strand cDNA including the tail sequence, if present; (g) 
annealing the splice template oligo first-strand cDNA; (h) primer extending the 3*-end of the 
first-strand cDNA using the annealed splice template oligo as a template using a DNA 
polymerase or reverse transcriptase xmder polymerization conditions; (i) obtaining a ssDNA 
"pro-transcription substrate," the pro-transcription substrate comprising the primer-extended 
first-strand cDNA having at its 3'-end a sense strand promoter sequence; (j) annealing to the pro- 
transcription substrate an anti-sense promoter oligo, the anti-sense promoter oligo comprising an 
the anti-sense promoter sequence that is complementary to the sense strand promoter sequence 
of the pro-transcription substrate; (k) obtaining a "transcription substrate complex," the 
transcription substrate complex comprising the complex between the pro-transcription substrate 
and the anti-sense promoter oligo. The transcription substrate complex can be used to make a 
transcription product using a T7-type RNAP that binds to the double-stranded promoter in the 
transcription substrate complex and that uses the single-stranded template attached thereto as a 
template for transcription under transcription conditions. In another embodiment, the ssDNA 
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pro-transcription substrate is circularized using a ligase under ligation conditions prior to 
annealing an anti-sense promoter oligo, thereby obtaining a "circular transcription substrate 
complex." Transcription of a circular transcription substrate complex using a T7-type RNAP 
under transcription conditions comprises "rolling circle transcription," which, unless a 
transcription termination sequence is present in the circular transcription substrate, makes 
concatameric transcription products. The methods of the present invention differ from the 
methods disclosed in PCT Patent Application No. WO 02/065093 which synthesize double- 
stranded templates for use as transcription substrates. 

b. Composition of Promoter Splice Template Oligos and Splice Template Oligos 

[00404] In most embodiments of the present invention, a splice template oligo or a 
promoter splice template oligo comprises DNA nucleotides, but a promoter splice template oligo 
or a splice template oligo can comprise DNA and/or RNA nucleotides and/or modified DNA 
and/or RNA nucleotides. In some embodiments, a promoter splice template oligo or a splice 
template oligo can comprise modified RNA having 2'-F-dCMP and 2'-F-dUMP nucleotides in 
place of CMP and UMP (e.g., made using Epicentre's DuraScribe'™ T7 Transcription Kit or N4 
mini-vRNAP Y678F enzyme, as described elsewhere herein). The presence of 2'-fluoro- 
pyrimidines in the oligo makes it resistant to RNaseA-type ribonucleases. As discussed above, 
since no synthesis of a second cDNA strand is needed or performed to prepare transcription 
substrates for the RNA polymerases of the invention, the 3 '-terminal nucleotide of the promoter 
splice template oligo or a splice template oligo is preferably a terminator nucleotide such as, but 
not limited to, a dideoxynucleotide. In some embodiments, 3 or 4 of the intemucleotide linkages 
at the 5 '-end of a promoter splice template oligo or a splice template oligo can comprise 
phosphorothioate linkages or other modified linkages, as discussed elsewhere herein, in order to 
protect the oligos from degradation by some exonucleases that can be present in a sample (e.g., 
Nikiforov et al., PCR Methods and A pplications 3:285-291, 1994, incorporated herein by 
reference). 

[00405] In some embodiments, such as in those embodiments in which the ssDNA 
transcription substrate comprises a second-strand cDNA that is generated by strand displacement 
during rolling circle replication using anti-sense-promoter-containing first-strand cDNA as a 
template, a promoter splice template oligo can also comprise a sequence that encodes a primer- 
binding site for a strand-displacement primer, which primer-binding site is generally 5 '-of the 
sense promoter sequence in the promoter splice template oligo, thus resulting in a primer 
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binding site 3 '-of the anti-sense transcription promoter sequence in anti-sense-promoter- 
containing first-strand cDNA. However, a sequence in the spHce template oligo that encodes a 
primer-binding-site is not required. Alternatively, one or more rolling circle strand displacement 
primers that prime at one or more other sites on the anti-sense-promoter-containing first-strand 
cDNA rolling circle replication template can be used. In some embodiments, a sequence that 
encodes a primer-binding site in the promoter splice template oligo is not desirable because this 
sequence will be replicated in the rolling circle replication product in addition to the anti-sense 
sequence of the target nucleic acid sequence. 

[00406] In general, a splice template oligo that does not comprise a sense or anti-sense 
promoter sequence is used in conjunction with altemative methods or processes for 
incorporating a transcription promoter into a ssDNA transcription template, as discussed 
elsewhere herein. By way of example, but not of limitation, a splice template oligo that does not 
comprise a sense or anti-sense promoter sequence can be used to add a sequence for a primer- 
binding site or to add other sequences or genetic elements for other applications in conjimction 
with use of a promoter primer to incorporate a transcription promoter into a ssDNA transcription 
template. 

3. Obtaining ssDNA Transcription Substrates by Ligation of a Promoter Ligation 
Oligo to a Target Sequence 

a. Definitions and Methods for Using Promoter Ligation Oligos 

[00407] A "promoter ligation oligo" is a ssDNA comprising all or substantially all of a 
sequence for a single-stranded transcription promoter of the invention that is joined to a ssDNA 
polynucleotide comprising a target sequence in order to make a transcription substrate of the 
invention. A promoter ligation oligo comprising a sense transcription promoter c£in be 
phosphorylated at its 5 '-end or it can be phosphorylated during the processes of the methods of 
the invention using a polynucleotide kinase (PNK), such as, but not limited to T4 PNK, and ATP 
under suitable reaction conditions. In other embodiments, the promoter ligation oligo can have a 
bound topoisomerase moiety, or it can be ligated using a topoisomerase during the processes of 
the methods of the invention. 

[00408] In some embodiments, the 5 -phosphorylated promoter ligation oligo comprising 
a sense promoter is ligated to the 3 -hydroxyl end of a ssDNA polynucleotide comprising a 
target sequence. In other embodiments, the 3'-hydroxyl end of a promoter ligation oligo 
comprising a sense promoter sequence is ligated to the 5 -end of a ssDNA polynucleotide 
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comprising a target sequence, and then the 5 -end of the promoter ligation oligo is 
phosphorylated and ligated to the 3 -hydroxyl end of the target sequence to make a circular 
ssDNA transcription substrate. In still other embodiments, a DNA oligo that encodes all or 
substantially all a sequence that is complementary to a transcription promoter (i.e., it comprises 
an anti-sense promoter) is ligated to either the 3 '-end or the 5 '-end of a target sequence, with the 
nucleic acid having a 5 '-end that is ligated being phosphorylated. In some embodiments in 
which a promoter ligation oligo comprising an anti-sense promoter is used, the molecule to 
which the promoter ligation oligo is ligated to make a circular ssDNA template for rolling circle 
replication, which in turn, makes a single-stranded second-strand DNA that comprises a ssDNA 
transcription substrate for an RNA polymerase of the invention. In still other embodiments, a 
linear ssDNA comprising an anti-sense promoter 3'-of the target sequence can be used to make a 
linear ssDNA transcription substrate by strand displacement amplification. 
[00409] A "ligation splint" or a "ligation splint oligo" is an oligo that is used to provide 
an annealing site or a "ligation template" for joining two ends of one nucleic acid (i.e., 
"intramolecular joining") or two ends of two nucleic acids (i.e., "intermolecular joining") using a 
ligase or another enzyme with ligase activity. The ligation splint holds the ends adjacent to each 
other and "creates a ligation junction" between the 5 '-phosphorylated and a 3'-hydroxylated 
ends that are to be ligated. For example, when a ligation splint oligo is used to join a sense 
promoter ligation oligo to the 3*-end of a first-strand cDNA comprising a target sequence, the 
ligation splint oligo has a sequence complementary to the 3 '-end of the target sequence, 
including a "tailed" target sequence, if any, and a second adjacent sequence that is 
complementary to the 5 '-end of a the 5 '-phosphorylated promoter ligation oligo. Ligases that 
can be used to ligate suitable ends that are annealed to a ligation splint comprising DNA include, 
but are not limited to, Ampligase® DNA Ligase (EPICENTRE Technologies, Madison, WI), 
Tth DNA ligase, Tfl DNA ligase, Tsc DNA ligase (Prokaria, Ltd., Reykjavik, Iceland), or T4 
DNA ligase. These ligases can be used for both intermolecular and intramolecular ligations 
when a ligation splint comprising DNA is used to bring the respect ends adjacent. If a ligation 
splint comprising RNA is used, T4 DNA ligase can be used to join the ends that are annealed to 
the ligation splint. In some embodiments, a ligase that catalyzes non-homologous 
intrfimolecular ligation of a 5 '-phosphorylated end with a 3*-hydroxyl end can be used in 
methods of the invention for circularization of single-stranded DNA without a ligation splint. 
By way of example, but not of limitation, a ligation splint is not required for ligation of a ssDNA 
using ThermoPhage™ RNA Ligase II (Prokaria, Ltd., Reykjavik, Iceland). 
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[0041 0] Some embodiments of the invention comprise methods that use a promoter 
ligation oUgo for obtaining a ssDNA transcription substrate for making a transcription product 
corresponding to a target nucleic acid sequence, wherein the ssDNA transcription substrate 
comprises a promoter-containing first-strand cDNA and wherein the promoter-containing first- 
strand cDNA comprises a transcription promoter for an RNA polymerase that synthesizes RNA 
from a ssDNA promoter-containing template under transcription conditions and a target nucleic 
acid sequence, at least a portion of which target sequence either comprises, or, is complementary 
to, at least a portion of a nucleic acid sequence in a target nucleic acid present in a sample, and 
wherein the transcription promoter is 3 '-of the target sequence in the ssDNA transcription 
substrate. 

[0041 1 ] With respect to embodiments that use a promoter ligation oligo, one embodiment 
of the invention comprises a method for obtaining a ssDNA transcription substrate of the 
invention for making a transcription product corresponding to a target sequence in a target 
nucleic acid comprising single-stranded DNA or RNA, the method comprising: 

[0041 2] a. obtaining a primer for synthesis of a first-strand cDNA, the primer comprising i 

a sequence that is complementary to the 3 '-end of the target sequence that is to be transcribed; 

[00413] b. optionally, obtaining a blocking oligo, the blocking oligo comprising a 

sequence that anneals tightly to a sequence on the target nucleic acid so as to delimit the 3 '-end 

of a primer extension product of the primer using the tgirget nucleic acid as a template, wherein 

the blocking oligo is not displaced by the primer extension product, and wherein the blocking 

oligo is not itself capable of being primer-extended by a DNA polymerase; 

[00414] c. annealing the primer and the blocking oligo, if used, to the target nucleic acid; 

[0041 5] d. primer-extending the primer annealed to the target nucleic acid with a DNA 

polymerase under DNA synthesis conditions so as to obtain a linear first-strand cDNA that is 

complementary to the target sequence to which the primer is annealed; 

[0041 6] e. optionally, removing the target nucleic acid that is annealed to the linear first- 
strand cDNA; 

[0041 7] f optionally, adding one or more tail sequences to the 3 '-end of the first-strand 
cDNA obtained by primer extension of the primer; 

[0041 8] g. obtaining a promoter ligation oligo, wherein the promoter ligation oligo 
comprises a_sense transcription promoter for an RNA polymerase that synthesizes RNA fi-om a 
ssDNA promoter-containing template under transcription conditions, wherein the promoter 
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ligation oligo is either phosphorylated at its 5*-terminus, or is subsequently phosphorylated 
using a polynucleotide kinase and ATP; 

[00419] h. obtaining a ligation splint oligo, wherein the ligation splint oligo has a 
sequence that is complementary to the 5*-end of the promoter ligation oligo and the 3 '-end of 
the first-strand cDNA, wherein the 5 '-end of the promoter ligation oHgo is adjacent to the 3'-end 
of the first-strand cDNA when annealed to the ligation splint oligo; 

[00420] i. incubating under annealing conditions: (i) the first-strand cDNA; (ii) the 
promoter ligation oligo; and (iii) the ligation splint oligo; 

[00421] j. ligating using a ligase or a topoisomerase under ligation conditions, the 5 '-end 
of the promoter ligation oligo to the 3 '-end of the first-strand cDNA, which ends are annealed to 
the ligation splint oligo, so as to obtain a promoter-containing first-strand cDNA, the promoter- 
containing first-strand cDNA comprising a ssDNA transcription substrate; 
[00422] k. optionally, removing or dissociating the ligation splint oligo; and 
[00423] 1. obtaining the ssDNA transcription substrate. 

[00424] For methods of the invention that use a promoter ligation oligo, a target nucleic 
acid can be DNA or RNA. By way of example, but not of limitation, a target sequence can 
comprise a target nucleic acid comprising a single species of mRNA or it can comprise all of the 
mRNA in a sample. If the target nucleic acid comprises mRNA, an initial step of the method is 
reverse transcription of mRNA to obtain a target sequence comprising first-strand cDNA. In 
these embodiments, the transcription promoter is added to the 3 '-end of a target sequence 
comprising first-strand cDNA by ligation using a ligase under ligation conditions. By way of 
example, but not of limitation, a ssDNA transcription substrate of the invention can be prepared 
by ligating a sense-strand promoter ligation oligo, which has been phosphorylated at its 5 '-end 
using T4 polynucleotide kinase or another suitable polynucleotide kinase and ATP under 
suitable reaction conditions, to the 3 '-end of a target sequence comprising first-strand cDNA 
that has additional nucleotides which have been added (e.g., see U.S. Patent No. 5,962,272 and 
Schmidt and Mueller, Nucleic Acids Res. 27:e31 [i-iv], 1999, both incorporated herein by 
reference). The tail at the 3 '-end of the first-strand cDNA is not required, but in those 
embodiments in which it is used, a tail provides a region of homology for a ligation splint oligo. 
In some embodiments of this aspect of the invention, a ligation splint oligo, which has a 5'- 
portion that is complementary to the 5 '-end of a phosphorylated sense-strand promoter oligo and 
a second 3 '-portion that is complementary to the 3 '-end of a target sequence, such as, but not 
limited to, "tailed" target sequence, is used to provide an annealing site that will keep the two 
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ends adjacent to one another for ligation. In most embodiments of this method, the promoter 
Hgation oligo comprises ssDNA or modified ssDNA, wherein the modified nucleotides, if 
present, do not affect the ability of the transcription promoter to function fully as a promoter for 
in vitro transcription. In some embodiments, the 3 '-terminal nucleotide of a ligation splint is a 
dideoxynucleotide or another termination nucleotide, so that the ligation splint cannot serve as a 
primer for polymerases in the reaction. 

[00425] Thus, one embodiment of the invention for using a promoter ligation oligo is a 
method for making a transcription product corresponding to a target sequence comprising a 
target nucleic acid comprising mRNA (FIG. 20), the method comprising 
[00426] a. obtaining a target nucleic acid comprising mRNA; 

[00427] b. obtaining a primer for synthesis of a first-strand cDNA that is complementary 
to the mRNA, the primer chosen fi*om among: (i) an oligo(dT) primer, and (ii) an oligo(dT) 
anchor primer; (iii) a primer that is complementary to a specific sequence at the 3 '-end of an 
mRNA, and (iv) a primer in a mixture of primers, the primer comprising a sequence of 
nucleotides, each of which nucleotides comprises a random nucleotide base that is 
complementary to any of the four canonical nucleotide bases; 
[00428] c. annealing the primer to the target mRNA; 

[00429] d. primer-extending (or reverse transcribing) the primer annealed to the target 
mRNA with a DNA polymerase (reverse transcriptase) under DNA synthesis (reverse 
transcription) conditions so as to obtain a linear first-strand cDNA that is complementary to the 
target mRNA to which the primer was annealed; 

[00430] e. optionally, adding a tail to the first-strand cDNA using one or more methods; 
[00431] f. optionally, removing the target mRNA that is annealed to the linear first-strand 
cDNA; 

[00432] g. obtaining a promoter ligation oligo, wherein the promoter ligation oligo 
comprises a.sense transcription promoter for an RNA polymerase that synthesizes RNA fi-om a 
ssDNA promoter-containing template under transcription conditions, wherein the promoter 
ligation oligo is either phosphorylated at its 5 '-terminus, or is subsequently phosphorylated 
using a polynucleotide kinase and ATP; 

[00433] h. obtaining a ligation splint oligo, wherein the ligation splint oligo has a 
sequence that is complementary to the 5 '-end of the promoter ligation oligo and the 3 '-end of 
the first-strand cDNA, wherein the 5 '-end of the promoter ligation oligo is adjacent to the 3 '-end 
of the first-strand cDNA when annealed to the ligation splint oligo; 
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[00434] i. incubating xinder annealing conditions the first-strand cDNA, the promoter 
ligation oligo, and the ligation splint oligo; 

[00435] j. ligating using a ligase or a topoisomerase moiety imder ligation conditions, the 
5 '-end of the promoter ligation oligo to the 3 '-end of the first-strand cDNA, which ends are 
annealed to the ligation splint oligo, so as to obtain a promoter-containing first-strand cDNA, the 
promoter-containing first-strand cDNA comprising a ssDNA transcription substrate; 
[00436] k. optionally, removing or dissociating the ligation splint oligo; 
[00437] 1. obtaining the ssDNA transcription substrate. 

[00438] Thus, a general embodiment of the invention comprises a method for using a 
promoter ligation oligo for making a transcription product corresponding to a target sequence in 
a target nucleic acid, the method comprising: 

[00439] a. obtaining a ssDNA transcription substrate by carrying out steps a through 1 of 
the method above; 

[00440] b. contacting the ssDNA transcription substrate with an RNA polymerase that 
transcribes the ssDNA transcription substrate using the transcription promoter under 
transcription conditions so as to obtain transcription products; and 
[00441] c. obtaining the transcription products, 

[00442] The methods described above for obtaining a ssDNA transcription substrate using 
a promoter ligation oligo and for making a transcription product corresponding to a target 
sequence can be performed in a stepwise manner, or, under suitable reaction conditions, they can 
be performed continuously in a single reaction mixture. 

[00443] Thus, one embodiment of the invention that uses a promoter ligation oligo 
comprises a method for obtaining additional rounds of transcription of a target sequence in a 
target nucleic acid (FIG. 21), the method comprising: 

[00444] a. obtaining the transcription products firom step c of the method above; 
[00445] b. obtaining a primer for synthesis of a first-strand cDNA, the primer comprising 
a sequence that is complementary to the 3 '-end of the transcription products comprising the 
target sequence that is to be transcribed; 

[00446] c. annealing the primer to the target nucleic acid; 

[00447] d. primer-extending the primer annealed to the transcription products with a 
DNA polymerase under DNA synthesis conditions so as to obtain a linear first-strand cDNA that 
is complementary to the transcription products to which the primer was annealed; 
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[00448] e. optionally, removing the transcription products that are annealed to the linear 
first-strand cDNA; 

[00449] f. optionally, adding one or more tail sequences to the 3 '-end of the first-strand 
cDNA obtained by primer extension of the primer; 

[00450] g. obtaining a promoter ligation oligo, wherein the promoter ligation oligo 
comprises a_sense transcription promoter for an RNA polymerase that synthesizes RNA from a 
ssDNA promoter-containing template under transcription conditions, wherein the promoter 
ligation oligo is either phosphorylated at its 5 '-terminus, or is subsequently phosphorylated 
using a polynucleotide kinase and ATP; 

[00451] h. obtaining a ligation splint oligo, wherein the ligation splint oUgo has a 
sequence that is complementary to the 5 '-end of the promoter ligation oligo and the 3 '-end of 
the first-strand cDNA, wherein the 5 '-end of the promoter ligation oligo is adjacent to the 3 '-end 
of the first-strand cDNA when annealed to the ligation splint oligo; 

[00452] i. incubating under annealing conditions the first-strand cDNA, the promoter 
ligation oligo and the ligation splint oligo; 

[00453] j. ligating using a ligase or a topoisomerase moiety under ligation conditions, the 
5 '-end of the promoter ligation oligo to the 3 '-end of the first-strand cDNA, which ends are 
annealed to the ligation splint oligo, so as to obtain a promoter-containing first-strand cDNA, the 
promoter-containing first-strand cDNA comprising a ssDNA transcription substrate; 
[00454] k. optionally, removing or dissociating the ligation splint oligo; 
[00455] 1. obtaining the ssDNA transcription substrate; 

[00456] m. contacting the ssDNA transcription substrate from step 1 with an RNA 

polymerase that transcribes the ssDNA transcription substrate using the promoter imder 

transcription conditions so as to obtain transcription products; and 

[00457] n. obtaining the additional transcription products; and 

[00458] o. optionally, repeating steps a through o to obtain additional rounds of 

transcription to obtain transcription products. 

[00459] In other embodiments for obtaining a ssDNA transcription substrate of the 
invention, a promoter ligation oligo comprising a sense transcription promoter is ligated to a 5'- 
phosphorylated end of a target nucleic acid sequence comprising DNA or to a first-strand cDNA 
prepared by reverse transcription or primer extension of a target sequence in a target nucleic 
acid. Ih these embodiments of the invention, the resulting first-strand cDNA having a sense 
transcription promoter at its 5 '-end is then circularized by ligation with a ligase imder ligation 
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reaction conditions in order to bring the promoter in proper juxtaposition with the 3 '-end of the 
target sequence for transcription of the target sequence by an RNA polymerase of the invention, 
thereby obtaining a circular ssDNA transcription substrate of the invention. In this embodiment, 
the ligation splint oligo comprises a 5 '-portion and a 3 '-portion, wherein the 5 '-portion is 
complementary to the 5 '-end of the DNA or first-strand cDNA target sequence and the 3'- 
portion is complementary to the 3 '-end of the promoter ligation oligo. In yet another 
embodiment, a circular ssDNA transcription substrate can be linearized 3 '-of the transcription 
promoter using methods discussed elsewhere herein in order to obtain a linear ssDNA 
transcription substrate of the invention. 

[00460] In other embodiments of the invention for obtaining a ssDNA transcription 
substrate, a promoter ligation oligo that comprises an anti-sense transcription promoter is ligated 
using a ligase under ligation reaction conditions to either the 3 '-end or the 5 '-end of a ssDNA 
target sequence or a first-strand cDNA made by primed reverse transcription or primer extension 
of a target sequence in a target nucleic acid, wherein either the promoter ligation oligo or the 
first-strand cDNA target sequence, respectively, is 5'-phosphorylated. By way of example, but 
not of limitation, in one embodiment, a 5'-phosphorylated promoter ligation oligo, which 
comprises an anti-sense transcription promoter, is ligated in a first ligation reaction using a 
ligation splint oligo, to the 3 '-end of the first-strand cDNA target sequence, generating a linear 
first-strand cDNA with an anti-sense promoter (i.e., a non-fimctional complement of a fiinctional 
promoter). The anti-sense-promoter-containing first-strand cDNA is then phosphorylated at its 
5 '-end and ligated using a ligase in a second ligation reaction to generate a circular anti-sense- 
promoter-containing first-strand cDNA molecule. A similar circular DNA molecule can be 
made following ligation of an anti-sense-promoter ligation oligo to the 5 '-end of first-strand 
cDNA, followed by 5 '-phosphorylation, and a second ligation reaction, thereby generating the 
similar circular first-strand cDNA with an anti-sense transcription promoter. These circular 
molecules can be used as templates for rolling circle replication using a strand-displacing DNA 
polymerase of the invention and one or more strand displacement primers that is/are 
complementary to one or more sequences in the circular molecules. Strand displacement 
replication of these circular anti-sense-promoter-containing first-strand cDNA molecules using 
one or more strand displacement primers generates linear second-strand cDNA that is released 
by strand displacement into the reaction mixture as ssDNA that has a sense (i.e., fimctional) 
transcription promoter for an RNA pol>merase of the invention. Thus, these linear single- 
stranded promoter-containing second-strand cDNA molecules comprise ssDNA transcription 
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substrates of the invention. Transcription of these ssDNA transcription substrates by an RNA 
polymerase of the invention results in synthesis of anti-sense transcription products 
corresponding to the target sequence. In some embodiments of this method for obtaining a 
ssDNA transcription substrate of the invention, a ligation splint oligo is used in the second 
ligation reaction to ligate linear anti-sense-promoter-containing first-strand cDNA to generate 
circular anti-sense-promoter-containing first-strand cDNA, whereas in other embodiments, the 
linear single-stranded cDNA is ligated in the second ligation reaction without a ligation splint 
oligo using a ligase, such as, but not limited to, ThermoPhage™ RNA Ligase II (Prokaria, 
Reykjavik, Iceland). In still other embodiments ligation splint oligos are used in both the first 
and second ligation reactions, and both ligation reactions are carried out simultaneously to form 
circular first-strand cDNA in one step. Primer extension with a second-strand cDNA synthesis 
primer using the circular first-strand cDNA as a template for a strand displacing DNA 
polymerase of the invention generates linear ssDNA having tandem repeats of sense 
transcription promoters and the target sequence, which can be used as a transcription substrate of 
the invention. In other embodiments, circular first-strand cDNA can be linearized to form a 
linear first-strand cDNA that can be replicated by strand displacement replication methods in 
order to generate a linear ssDNA second-strand cDNA transcription substrate of the invention. 
In some embodiments of this aspect of the method, an anti-sense promoter ligation oligo also 
has, in addition to an anti-sense transcription promoter, at least one additional sequence that 
comprises a primer binding site that is complementary to a strand displacement primer in order 
to provide a priming site outside of the target sequence for making second-strand cDNA. This 
primer-binding site can be used for primed rolling circle replication of the circular transcription 
substrate or, following linearization of the circular first-strand cDNA strand displacement 
template as described elsewhere herein, the primer binding site can be used for strand 
displacement replication of the linear ssDNA transcription substrate. However, in some 
embodiments it is not desirable to add another sequence (i.e., the primer-binding site) that is 
replicated along with the target sequence. 

[00461] In some embodiments, remaining linear nucleic acids, such as, but not limited to, 
ligation splint oligos, are removed during the reaction using the gene 6 exonuclease of phage T7. 
This exonuclease digests DNA starting fi-om the 5 '-end of a double-stranded structure. It has 
been used successfully for the generation of single-stranded DNA after PGR amplification 
(Holloway et al-. Nucleic Acids Res. 21:3905-3906, 1993; Nikiforov et al., PGR Methods and 
A pplications 3:285-291, 1994, incorporated herein by reference). The gene 6 exonuclease of 
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phage T7 can be added after ligation, together with the roUing circle DNA polymerase to remove 
unligated oligos. To protect the ssDNA transcription substrate from degradation, a strand 
displacement primer for rolling circle replication can contain 3 or 4 phosphorothioate linkages at 
the 5 '-end, to make this molecule resistant to the exonuclease (Nikiforov et al., PGR Methods 
and Applications 3:285-291, 1994). The exonuclease degrades unprotected linear molecules as 
they become associated with the rolling circle DNA product. Based on this description, those 
with knowledge in the art will understand and know other embodiments of the invention in 
which this process of the invention for removing single-stranded DNA oligos can be used to 
advantage, and the invention comprises all such embodiments. 

[00462] From the above description, those with knowledge in the art will understand other 
embodiments of methods and processes of the invention for making linear or circular ssDNA 
transcription substrates, all of which are included herein. 

b. Composition of Promoter Ligation Oligos and Ligation Splint Oligos 

[00463] In most embodiments, a promoter ligation oligo of the invention comprises DNA 
or modified DNA nucleotides. In addition to the sequence of the transcription promoter, the 
promoter ligation oligo can also comprise additional nucleic acid sequences that are 3 '-of or 5'- 
of the transcription promoter, which may be included for a particular purpose. By way of 
example, but not of limitation, a promoter ligation oligo can have an additional sequence that is 
3 '-of or 5 '-of the transcription promoter that serves as a priming site for synthesis of a second- 
strand cDNA. In some embodiments, the promoter ligation oligo can contain phosphorothioate 
linkages between the nucleotides at its 5 '-end (e.g., between 3 or 4 of the nucleotides) in order to 
protect it from degradation by some exonucleases. The 5 '-terminus of the promoter ligation 
oligo either has a 5'-phosphoryl group or it is phosphorylated using a polynucleotide kinase, 
such as, but not limited to, T4 PNK and ATP during the processes of a method of the invention. 
Promoter ligation oligos can be synthesized on an oligo synthesizer, which is usually preferred, 
or enzymatically, using methods discussed elsewhere herein. 

[00464] A "ligation splint** or a **ligation splint oligo'* is an oligonucleotide that is used to 
provide an annealing site or a "ligation template" on which a 5 '-phosphorylated end and a 3'- 
hydroxyl end of one or two different nucleic acids, such as, but not limited to, a promoter 
ligation oligo and a first-strand cDNA target nucleic acid sequence, can hybridize so as to bring 
the two ends adjacent to one another in a ligation reaction for joining by a ligase (or a 
topoisomerase or other enzyme with ligase activity). A ligation splint comprises a sufficient 
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number and composition of nucleotides, and is present in sufficient concentration, so that the 
complementary sequences of both the 5'- and 3 '-ends remain annealed to the ligation splint 
under ligation conditions so to permit ligation of the ends to occur. Thus, in most embodiments, 
the ligation splint comprises at least about 4 nucleotides up to about 20 nucleotides, but the 
invention is not limited to a specific number of nucleotides. An appropriate sequence (and Tm), 
size, and concentration for a ligation splint can be determined empirically by those with 
knowledge in the art. In most embodiments of the present invention, it is preferable that the 3'- 
terminal nucleotide of a ligation splint is a dideoxynucleotide or another termination nucleotide, 
so that the ligation splint oligo cannot serve as a primer for polymerases in the reaction. In most 
embodiments in which there are multiple rounds of transcription of a target nucleic acid 
sequence, the other nucleotides in a ligation splint oligo comprise deoxynucleotides. However, 
in some embodiments, the other nucleotides can comprise ribonucleotides and/or purine 
ribonucleotides and 2*-fluoro-p3nimidine nucleotides, which confer resistance to RNase A-type 
nucleases. The composition of a ligation splint oligo will also depend on the ligase and ligation 
conditions used. By way of example, Ampligase® Thermostable Ligase (Epicentre 
Technologies, Madison, WI, USA) will only ligate the 5'-phosphoryl and 3'-hydroxyl ends of 
DNA that is annealed to a DNA ligation splint and will not ligate DNA ends annealed to RNA. 
However, T4 RNA ligase has been reported to efficiently ligate DNA ends that are annealed to 
an RNA ligaton splint (Faruqui et al., U.S. Patent No. 6,368,801, incorporated herein by 
reference). Ligation splint oligos can be synthesized on an oligo sjmthesizer, which is usually 
preferred, or enzymatically, using methods discussed elsewhere herein. 

c, Ligases and Ligation Methods for Attaching a Promoter Ligation Oligo to a 
Target Sequence 

[00465] The invention is not limited to a specific ligase. However, when a promoter 

ligation oligo is used, preferably the ligase is not active in Hgating blunt ends and is highly 

selective for ligation of a deoxynucleotide having a 5 '-phosphate and a deoxynucleotide having 

3'-hydroxyl group when these respective 5'- and 3'- nucleotides are adjacent to each other when 

annealed to a ligation splint. Ampligase® Thermostable DNA Ligase (Epicentre Technologies, 

Madison, Wisconsin, USA), Tth DNA ligase, Tfl DNA ligase, and Tsc DNA Ligase (Prokaria 

Ltd., Reykjavik, Iceland) are NAD-dependent DNA ligases that are not active on blunt ends and 

that ligate the 5 '-phosphate and 3'-hydroxyl termini of DNA ends that are adjacent to one 

another when annealed to a complementary DNA molecule, and are suitable ligases in 

embodiments of the invention that use a ligation splint oligo comprising DNA, However, the 
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invention is not limited to the use of a particular ligase and any suitable ligase can be used. For 
example, T4 DNA ligase can be used in embodiments of the invention that use a ligation splint. 
Still further, Faruqui discloses in U.S. Patent No. 6,368,801 that T4 RNA Hgase can efficiently 
ligate DNA ends of nucleic acids that are adjacent to each other when hybridized to an RNA 
strand. Thus, T4 RNA ligase is a suitable ligase of the invention in embodiments in which DNA 
ends are ligated on a ligation splint oligo comprising RNA or modified RNA, such as, but not 
limited to modified RNA that contains 2'-F-dCTP and 2'-F-dUTP made using the DuraScribe™ 
T7 Transcription Kit (Epicentre Technologies, Madison, WI, USA) or the N4 mini-vRNAP 
Y678F mutant enzyme described herein. If a promoter ligation oligo is initially ligated to the 5*- 
end of a target sequence, the promoter sequence can be operably joined to the 3'-end of the 
target sequence by first phosphorylating the 5 '-end using a polynucleotide kinase, such as, but 
not limited to, T4 polynucleotide kinase, and then ligating the linear ssDNA to form a circular 
ssDNA using a ligase that catalyzes non-homologous intramolecular ligation, such as, but not 
limited ThermoPhage'^^ RNA Ligase II (Prokaria, Ltd., Reykjavik, Iceland). The invention is 
also not limited to the use of a ligase for covalently joining the 5 '-end to the 3 '-end of the same 
or different nucleic acid molecules in the various embodiments of the invention. By way of 
example, other ligation methods such as, but not limited to, topoisomerase-mediated ligation 
(e.g., U.S. Patent No. 5,766,891, incorporated herein by reference) can be used. 

4. Obtaining ssDNA Transcription Substrates Using a Promoter Primer 

a. Methods for Using Promoter Primers 

[00466] A "promoter primer" is a primer, generally with a free 3'-OH group, that 
comprises a sequence that is complementary to a target sequence at its 3 '-end and which 
encodes a transcription promoter in its 5 '-portion. A promoter primer can have a sequence at its 
3 '-end that is complementary to a specific known sequence in a target nucleic acid, in which 
case it is referred to as a "specific-sequence promoter primer." However, other embodiments of 
promoter primers can also be used in methods of the invention. An "oligo(dT) promoter primer" 
has an oligo(dT) sequence at its 3 '-end, and is used mainly in embodiments of the invention 
which pertain to mRNA molecules having polyadenylated [i.e., poly(A) tails], although an 
oligo(dT) promoter primer can also be used in embodiments in which another target nucleic acid 
is tailed with poly(A) or poly(dA). An "anchored oligo d(T) promoter primer, in addition to 
having an oligo(dT) sequence in its 3*-portion, also has one (or a small number) of nucleotides 
3'-of the oligo(dT) sequence, called "anchor nucleotides," which anneal to the 3*-portion of the 
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mRNA target sequence just prior to the poly(A) sequence. Thus, the anchor nucleotides serve to 
"anchor" the mRNA-complementary portion of the anchored oligo(dT) promoter primer to the 
beginning of the protein-coding sequence of the mRNA target sequence. The anchor nucleotides 
can comprise either a specific base for a specific mRNA or a randomized nucleotide (i.e., 
synthesized with a mixture of all four nucleotides) for priming all mRNA molecules in a sample. 
A "random-sequence promoter primer" has a random sequence, such as, but not limited to a 
random hexamer sequence, at its 3 '-end. In most cases, a random-sequence promoter primer 
comprises a mixture of primers with all possible sequences (e.g., all possible hexamers) in its 
target sequence-complementary portion. Random-sequence promoter primers can be made by 
including all four canonical nucleotide reagents during the chemical synthesis of each of the 
nucleotide positions of the random sequence (e.g., the hexamer sequence) of the target sequence- 
complementary portion of the primer. A random-sequence promoter primer can be used in those 
embodiments of the invention in which it is desired to amplify all target nucleic acid sequences 
in a sample, or to amplify all target nucleic acid sequences in a random manner, such as for 
making a library of all target nucleic acid sequences. However, although all sequences may be 
amplified, use of a random-sequence promoter primer does not necessarily generate only full- 
length copies of target nucleic acids (e.g., full-length cDNA copies of mRNA molecules from a 
cell). Thus, embodiments of the invention which use random-sequence promoter primers are 
usually used when full-length copies of a target nucleic acid sequence are not required, such as, 
for obtaining hybridization probes for some applications. 

[00467] In embodiments of the invention in which a transcription substrate of the 
invention comprises first-strand cDNA obtained by reverse transcription or primer extension of 
a promoter primer using a target nucleic acid as a template, the transcription promoter in the 
promoter primer comprises a sense promoter sequence that is located in the 5 -portion of the 
promoter primer. Thus, the transcription promoter in the linear first-strand cDNA obtained by 
reverse transcriptase- or DNA polymerase-catalyzed extension of the promoter primer using the 
target nucleic acid as a template is not operable as a promoter for transcription of the target 
sequence since the promoter is not operably joined to the 3 '-end of the target sequence. A 
method of the present invention solves this problem by operably joining the single-stranded 
sense transcription promoter in the 5 -portion of the linear first-strand cDNA to the 3 '-end of the 
target sequence using a ligase or another joining means, thus forming a circular ssDNA 
transcription substrate for an RNA polymerase that can bind the single-stranded promoter and 
transcribe the target sequence joined thereto. 
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[00468] Thus, in one embodiment of the invention, a promoter primer having a sequence 
complementary to a target sequence at its 3 '-end and a transcription promoter in its 5*-portion is 
used to obtain a ssDNA transcription substrate of the invention (FIG. 22). After annealing to a 
target nucleic acid, the promoter primer is used to prime first-strand cDNA synthesis using a 
DNA polymerase or reverse transcriptase under suitable reaction conditions in order to obtain 
linear first-strand cDNA. 

[00469] The linear promoter-containing first-strand cDNA is then ligated using a ligase 
under suitable ligation conditions, or using another joining method, such as, but not limited to a 
topoisomerase (e.g., see U.S. Patent No. 5,766,891, incorporated herein by reference), under 
suitable joining conditions, so as to obtain a circular promoter-containing first-strand cDNA. By 
ligation of the phosphorylated 5 '-end of linear first-strand cDNA to its 3 '-end, the transcription 
promoter is joined to the target sequence so that in vitro transcription using an RNA polymerase 
of the invention xmder transcription conditions will synthesize transcription products 
corresponding to the target sequence. 

[00470] In the example in FIG. 22, the target sequence comprises target nucleic acid 
comprising all mRNA molecules in a sample and the transcription products that are made by 
transcription of the transcription substrate comprise RNA that is essentially the same as the 
sense mRNA. Thus, in this embodiment, the circular first-strand cDNA comprises a ssDNA 
transcription substrate of the invention, which embodiment is usefial for many applications. If 
the there is no sequence in the circular ssDNA transcription substrate that results in termination 
of transcription, transcription continues around and around the circular ssDNA transcription 
substrate multiple times and generates concatemers of sense transcription products (i.e., 
comprising tandem copies of the same nucleic acid sequence as an mRNA target nucleic acid 
sequence in the sample), which concatemers are usefiil for certain applications of the invention. 
[00471] In some embodiments of the invention, one or more transcription termination 
sequences is/are incorporated into the promoter primer between the target sequence- 
complementary 3 '-region and the transcription promoter 5 '-portion in order to permit synthesis 
of single-copy rather than concatemeric sense transcription products. For example, if a 
transcription termination sequence is present in the promoter primer, the transcription product 
can correspond in length to a single copy of an mRNA target nucleic acid sequence following in 
vitro transcription of the circular ssDNA transcription substrate using an RNA polymerase of the 
invention. Transcription termination sequences are known in the art and those with knowledge 
in the art will know how to find information about the sequences, as well as experimental 
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methods for identifying additional termination sequences that can be used. By way of example, 
but not of limitation, information about transcription termination sequences can be found in a 
book entitled "RNA Polymerases and the Regulation of Transcription," edited by Reznikoff, 
W.S., et al., (Elsevier Science Publishing Co., Inc., New York, 1987) and in Section 17 of a 
book by Miller, J.H. entitled "A Short Course in Bacterial Genetics. A Laboratory Handbook 
for Escherichia coli and Related Bacteria" (Cold Spring Harbor Laboratory Press, Cold Spring 
Harbor, NY, 1992), both incorporated herein by reference. 

[00472] In still other embodiments, the circular ssDNA transcription substrate is 
linearized prior to use for in vitro transcription in order to form a "linear ssDNA transcription 
substrate." By way of example, but not of limitation, the circular transcription substrate can be 
linearized by treatment with uracil-N-gycosylase ("TJNG") and endonuclease IV ("endo IV") 
(e.g., see methods in U.S. Patent No. 6,048,696, which is incorporated herein by reference) if the 
promoter primer is synthesized to have a dUMP nucleotide between the target sequence- 
complementary 3 '-region and the transcription promoter in its 5 '-portion. However, the use of a 
promoter primer comprising a dUMP nucleotide can only be used in embodiments of the 
invention which are performed in a stepwise manner, because the presence of UNG in a 
continuous reaction would cleave the transcription promoter portion of a promoter primer from 
the target-complementary portion of the promoter primer, thus destroying the ability of the 
promoter primer to generate more ssDNA transcription substrates. There are a number of other 
methods known in the art for linearizing a circular DNA molecule, which can be used in 
embodiments of the invention, and those with knowledge in the art will know or know how to 
find suitable methods for use in the invention. By way of example, but not of limitation, a 
number of such methods which can be used are described herein in the section entitled "Methods 
for Defining the 5'- and 3 '-Ends of Target Sequences That Comprise Only a Portion of a Larger 
RNA or DNA Target Nucleic Acid." 

[00473] Other embodiments of the invention comprise use of a promoter primer for 
synthesis of a second-strand cDNA as a transcription substrate of the invention. In those 
embodiments, a transcription promoter can be incorporated into the second-strand cDNA by, 
either (a) synthesizing first-strand cDNA using a promoter primer that has a sequence in its 5 - 
portion comprising a sequence that is complementary to a sense transcription promoter (i.e., it 
comprises an anti-sense promoter primer) or, (b) using a promoter primer comprising a sense 
transcription promoter for synthesis of second-strand cDNA. The promoter sequence used in a 
promoter primer can be determined based on knowledge of sequences of sense promoters for 
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RNA polymerases of the invention and of the rules of nucleic acid base complementarity and the 
directionality of DNA and RNA synthesis by DNA and RNA polymerases. By way of example, 
if a sense transcription promoter is desired in a second-strand cDNA that is made by primer 
extension of first-strand cDNA, which is in turn made by reverse transcription of mRNA, one 
can work backwards from having a sense transcription promoter of known sequence in a 
transcription substrate at the 3 '-end of a target nucleic acid sequence that is to be amplified by 
an RNA polymerase of the invention, in order to determine the appropriate sense or anti-sense 
sequence (and position of the sequence with respect to the target sequence) that is needed, 
respectively, for promoter primers that are used for first-strand cDNA synthesis, or for second- 
strand cDNA synthesis. 

[00474] In some embodiments of the invention, more than one promoter can be present on 
the promoter primer. By way of example, but not of limitation, a promoter primer can encode 
two promoter sequences, both of which encode sense promoters on first-strand cDNA (e.g., for 
two different RNA polymerases of the invention). Alternatively, a first promoter sequence of 
the promoter primer and the resulting first-strand cDNA can comprise a sense promoter and a 
second promoter sequence can comprise an anti-sense promoter, in which case, the first 
promoter sequence will be anti-sense and the second promoter sequence will be sense in second- 
strand cDNA. In embodiments that include additional rounds of transcription by using RNA 
from the first round to obtain a second transcription substrate for transcription, it is necessary to 
take into account the fate of the promoter sequences through the subsequent rounds of 
transcription when designing the reaction. 

[00475] In addition to the transcription promoter sequence and the target-complementary 
sequence, a promoter primer of the invention can also have additional nucleic acid sequences 
that are 5 '-of and/or 3 '-of the transcription promoter sequence, but a promoter primer is not 
required to have such additional other sequences. By way of example, but not of limitation, a 
promoter primer can have a transcription initiation site 5 '-of the promoter sequence. In some 
embodiments of the invention, a promoter primer can have one or more transcription termination 
sequences, one or more sites for DNA cleavage, (such as, but not limited to, a dUMP residue 
that can be cleaved using uracil-N-glycosylase and endonuclease IV, or other cleavage methods 
discussed elsewhere herein) to permit controlled linearization of a circular first-strand cDNA 
that is a transcription substrate, one or more origins ("c^r/'s") of replication (preferably an ori for 
a single-stranded replicon, such as, but not limited to, a phage Ml 3 replicon), a selectable or 
screenable marker, such as, but not limited to an antibiotic-resistance gene or a beta- 
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galactosidase gene, respectively, or one or more transposon recognition sequences (e.g., OE or 
ME sequences) that can be recognized and used by a transposase for in vitro or in vivo 
transposition, or one or more sites that are recognized by a recombinase (such as, but not limited 
to, the cre-lox system), and/or other sequences or genetic elements for a particular purpose. 
After reading the specification of the present invention, those with knowledge in the art will 
know that a sequence that is 5 '-of a functional promoter will be transcribed by an RNA 
polymerase of the invention, and will therefore know where to position particular additional 
sequences or genetic elements relative to the promoter sequence in a promoter primer, hi some 
embodiments of the invention, a promoter primer has a 5 '-phosphate or is phosphorylated at its 
5 '-end using an enzyme, such as, but not limited to, a polynucleotide kinase (e.g., T4 PNK), 
during the processes of a method of the invention. A primary reason for providing a 5*- 
phosphate group on a promoter primer is to permit ligation of linear first-strand cDNA following 
reverse transcription or primer extension of a promoter primer on a target sequence in order to 
make a ssDNA transcription substrate comprising circular first-strand cDNA. 
[00476] A number of examples of embodiments that use promoter primers of the 
invention are described below. The invention comprises all methods for using a promoter 
primer wherein the transcription promoter can be used by an RNA polymerase that can 
synthesize RNA using a ssDNA transcription substrate and is not limited to only the example 
embodiments presented. 

[00477] With respect to methods that use a promoter primer, one embodiment of the 
invention comprises a method for obtaining a circulau* ssDNA transcription substrate of the 
invention for making a transcription product corresponding to a target sequence in a target 
nucleic acid, the method comprising: 

[00478] a. obtaining a single-stranded promoter primer for synthesis of a first-strand 
cDNA, the promoter primer comprising a sequence at its 3 '-end that is complementary to the 3'- 
end of the target sequence that is to be transcribed, and a 5 '-portion comprising a single-stranded 
sense transcription promoter, wherein the promoter functions to direct transcription by an RNA 
polymerase that can use a ssDNA transcription substrate for synthesis of RNA or modified RNA 
that is complementary to the target sequence, and optionally, a phosphate group or a 
topoisomerase moiety on its 5 '-end; 

[00479] b. annealing the promoter primer to the target nucleic acid; 

[00480] c. primer-extending or the promoter primer annealed to the target nucleic acid 

with a DNA polymerase under DNA synthesis conditions so as to obtain a linear first-strand 
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cDNA that is complementary to the target sequence or sequences to which the promoter primer 
was annealed, and wherein, the linear first-strand cDNA comprises the transcription promoter at 
a position which is 5 '-of the target sequence in the first-strand cDNA which is complementary to 
the target sequence; 

[00481] d. optionally, removing the target nucleic acid that is annealed to the linear first- 
strand cDNA; 

[00482] e. ligating the linear first-strand cDNA, wherein the 5 '-end of the linear first- 
strand cDNA is covalently attached to the 3 '-end of the linear first-strand cDNA so as to obtain 
circular first-strand cDNA, wherein the circular first-strand cDNA comprises a circular ssDNA 
transcription substrate; and 

[00483] f. obtaining the circular ssDNA transcription substrate. 

[00484] Another embodiment of the invention comprises a method for obtaining a linear 
ssDNA transcription substrate for making a transcription product corresponding to a target 
sequence in a target nucleic acid, the method comprising: 

[00485] a. obtaining a circular ssDNA transcription substrate by carrying out steps (a) 
through (f) of the method above; then 

[00486] b. linearizing the circular ssDNA transcription substrate at a site 3 '-of the 

transcription promoter and 5 '-of the cDNA target sequence that is complementary to the target 

nucleic acid sequence, wherein a linear ssDNA transcription substrate is obtained; and 

[00487] c. obtaining the linear ssDNA transcription substrate. 

[00488] A general embodiment of the invention comprises a method for making a 

transcription product corresponding to a target sequence in a target nucleic acid, the method 

comprising: 

[00489] a. obtaining a ssDNA transcription substrate, chosen fi-om among a circular 

ssDNA transcription substrate and a linear ssDNA transcription substrate; 

[00490] b. contacting the ssDNA transcription substrate with an RNA polymerase that 

transcribes the ssDNA transcription substrate using the single-stranded transcription promoter 

under transcription conditions so as to obtain transcription product; and 

[00491] c. obtaining the transcription product. 

[00492] The target nucleic acid can be DNA or RNA. By way of example, but not of 
limitation, a target sequence can comprise a target nucleic acid comprising a single species of 
mRNA or a target sequence can comprise a target nucleic acid, which can comprise all of the 
mRNA in a sample. 
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[00493] Thus, one embodiment of the invention is a method for using a promoter primer 
for making a transcription product corresponding to a target sequence comprising a target 
nucleic acid comprising mRNA (FIG. 22), the method comprising 
[00494] a. obtaining a target nucleic acid comprising mRNA; 

[00495] b- obtaining a single-stranded promoter primer for synthesis of a first-strand 
cDNA, the promoter primer comprising: (i) a sequence at its 3 '-end that is complementary to 
the 3 '-end of the target sequence that is to be transcribed, wherein the complementary sequence 
on the promoter primer is chosen from among (a) and oligo(dT) sequence, (b) an anchored 
oligo(dT) sequence, (c) a sequence that is complementary to a specific sequence at the 3 '-end of 
an mRNA, and (d) a sequence of nucleotides, each of which nucleotides comprises a random 
nucleotide base that is complementary to any of the four canonical nucleotide bases in RNA; and 
(ii) a 5 '-portion comprising a single-stranded sense transcription promoter, wherein the promoter 
functions to direct transcription by an RNA polymerase that can use a ssDNA transcription 
substrate for synthesis of RNA or modified RNA that is complementary to the target sequence; 
and (iii) optionally, a phosphate group or a topoisomerase moiety on its 5 '-end; 
[00496] c. annealing the promoter primer to the target nucleic acid; 
[00497] d. primer-extending the promoter primer annealed to the target nucleic acid with 
a DNA polymerase under DNA synthesis conditions so as to obtain a linear first-strand cDNA 
that is complementary to the target sequence or sequences to which the promoter primer was 
annealed, and wherein, the linear first-strand cDNA comprises the transcription promoter at a 
position which is 5 '-of the target sequence in the first-strand cDNA which is complementary to 
the target sequence; 

[00498] e. optionally, removing the RNA that is annealed to the linear first-strand cDNA; 
[00499] f. ligating the linear first-strand cDNA, wherein the 5 '-end of the linear first- 
strand cDNA is covalently attached to the 3 '-end of the linear first-strand cDNA so as to obtain 
circular first-strand cDNA, wherein the circular first-strand cDNA comprises a circular ssDNA 
transcription substrate; 

[00500] g. optionally, linearizing the circular ssDNA transcription substrate at a site that 
is 3 '-of the promoter sequence and 5 '-of the cDNA target sequence that is complementary to the 
target sequence, wherein a linear ssDNA transcription substrate is obtained; 
[00501] h. contacting the circular ssDNA transcription substrate from step f, or the linear 
ssDNA transcription substrate from step g with an RNA polymerase that transcribes the ssDNA 
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transcription substrate using the promoter under transcription conditions so as to obtain 
transcription product; and 

[00502] i. obtaining the transcription product. 

[00503] The methods for obtaining a ssDNA transcription substrate and for making a 
transcription product corresponding to a target sequence can be performed in a stepwise manner, 
or, under suitable reaction conditions, they can be performed continuously in a single reaction 
mixture. 

[00504] Thus, one embodiment of the invention comprises a method for obtaining 
additional rounds of transcription of a target sequence in a target nucleic acid (FIG. 23), the 
method comprising: 

[00505] a. obtaining the transcription products from step c of the methods above (such as 
for example, a linear ssDNA transcription substrate for making a transcription product 
corresponding to a target sequence in a target nucleic acid); 

[00506] b. obtaining a single-stranded promoter primer for synthesis of a first-strand 
cDNA, the promoter primer comprising: (i) a sequence at its 3 '-end that is complementary to 
the 3 '-end of the target sequence that is to be transcribed, and (ii) a 5 '-portion comprising a 
single-stranded sense transcription promoter, wherein the promoter functions to direct 
transcription by an RNA polymerase that can use a ssDNA transcription substrate for synthesis 
of RNA or modified RNA that is complementary to the target sequence, and (iii) optionally, a 
phosphate group or a topoisomerase moiety on its 5 -end; 
[00507] c. annealing the promoter primer to the target nucleic acid; 
[00508] d. primer-extending the promoter primer annealed to the target nucleic acid with 
a DNA polymerase under DNA synthesis conditions so as to obtain a linear first-strand cDNA 
that is complementary to the target sequence or sequences to which the promoter primer was 
annealed, and wherein, the linear first-strand cDNA comprises the transcription promoter at a 
position that is 5 '-of the target sequence in the first-strand cDNA which is complementary to the 
target sequence; 

[00509] e. optionally, removing the RNA that is annealed to the linear first-strand cDNA; 
[0051 0] f ligating the linear first-strand cDNA, wherein the 5 '-end of the linear first- 
strand cDNA is covalently attached to the 3 '-end of the linear first-strand cDNA so as to obtain 
circular first-strand cDNA, wherein the circular first-strand cDNA comprises a circular ssDNA 
transcription substrate; 
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[0051 1] g. optionally, linearizing the circular ssDNA transcription substrate at a site that 
is 3 '-of the promoter sequence and 5 '-of the cDNA target sequence that is complementary to the 
target sequence, wherein a linear ssDNA transcription substrate is obtained; 
[00512] h. contacting the circular ssDNA transcription substrate from step f, or the linear 
ssDNA transcription substrate from step g with an RNA polymerase that transcribes the ssDNA 
transcription substrate using the promoter under transcription conditions so as to obtain 
transcription products; and 

[00513] i. obtaining the additional transcription products. 

[00514] Different embodiments of methods of the invention can also be used to make a 
transcription product corresponding to target sequences that are internal to a target nucleic acid 
sequence. By way of example, some embodiments can be used to make a transcription product 
corresponding to sequences, such as, but not limited to, wild-type or mutated sequence in 
genomic DNA. In these embodiments, one or more processes, such as, but not limited to, 
annealing a blocking oligo to the target nucleic acid, are required to limit the 3 '-end of the target 
sequence that is transcribed, as is discussed elsewhere herein. In general, the target nucleic acid 
must be single-stranded for use in a method of the invention. Thus, a double-stranded nucleic 
acid must be denatured. 

[0051 5] Thus, one embodiment of the invention for using a promoter primer is a method 
for making a transcription product corresponding to a target sequence that comprises only a 
portion of a target nucleic acid comprising single-stranded DNA or RNA, the method 
comprising 

[00516] a. obtaining a target nucleic acid comprising single-stranded DNA or RNA; then 
[00517] b. obtaining a single-stranded promoter primer for synthesis of a first-strand 
cDNA, the promoter primer comprising: (i) a sequence at its 3 '-end that is complementary to 
the 3 '-end of the target sequence that is to be transcribed, and (ii) a 5 '-portion comprising a 
single-stranded sense transcription promoter, wherein the promoter functions to direct 
transcription by an RNA polymerase that can use a ssDNA transcription substrate for synthesis 
of RNA or modified RNA that is complementary to the target sequence, and (iii) optionally, a 
phosphate group or a topoisomerase moiety on its 5-end; 

[00518] c. obtaining a blocking oligo, the blocking oligo comprising a sequence that 
anneals tightly to a sequence on the target nucleic acid so as to delimit the 3 '-end of a primer 
extension product of the promoter primer using the target nucleic acid as a template, wherein the 
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blocking oligo is not displaced by the primer extension product, and wherein the blocking oligo 

is not itself capable of being primer extended by a DNA polymerase; 

[00519] d. annealing the promoter primer and the blocking oligo to the target nucleic 

acid; 

[00520] e. primer-extending the promoter primer annealed to the target nucleic acid with 
a DNA polymerase under DNA synthesis conditions so as to obtain a linear first-strand cDNA 
that is complementary to the target sequence to which the promoter primer was annealed and 
that is not complementary to the sequence where the blocking oligo is annealed, and wherein, 
the linear first-strand cDNA comprises the transcription promoter at a position which is 5 '-of the 
target sequence in the first-strand cDNA which is complementary to the target sequence; 
[00521] f. optionally, removing the target nucleic acid that is annealed to the linear first- 
strand cDNA; 

[00522] g. ligating the linear first-strand cDNA, wherein the 5 '-end of the linear first- 
strand cDNA is covalently attached to the 3 '-end of the linear first-strand cDNA so as to obtain 
circular first-strand cDNA, wherein the circular first-strand cDNA comprises a circular 
transcription substrate; 

[00523] h. optionally, linearizing the circular ssDNA transcription substrate at a site that 
is 3 '-of the promoter sequence and 5 '-of the cDNA target sequence that is complementary to the 
target sequence, wherein a linear ssDNA transcription substrate is obtained; 
[00524] i. contacting the circular ssDNA transcription substrate from step g, or the linear 
ssDNA transcription substrate from step h with an RNA polymerase that transcribes the ssDNA 
transcription substrate using the promoter under transcription conditions so as to obtain 
transcription products; and 

[00525] j. obtaining the transcription products; and 

[00526] k. optionally, repeating steps b through k to obtain additional rounds of 
transcription to obtain transcription products. 

[00527] In still other embodiments of the invention, which are preferred embodiments, the 
circular first-strand cDNA does not comprise a transcription substrate of the invention. Rather, 
in those embodiments, the circular first-strand cDNA is used as a template for DNA synthesis 
using a strand-displacing DNA polymerase and at least one strand displacement primer, and in 
some embodiments, multiple strand displacement primers. A "strand displacement primer," as 
used herein, is an oligonucleotide or polynucleotide that can be primer extended by a strand 
displacing DNA polymerase of the invention, wherein strand displacement DNA synthesis 
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occurs. In general, strand displacement is more a property of the DNA polymerase and the 
reaction conditions used than of the primer. Thus, the composition and properties of a strand 
displacement primer can vary greatly. For example, in some embodiments of the invention, a 
strand displacement primer can be an oligonucleotide that is hybridizable to a circular DNA 
template, wherein the DNA synthesis product resulting from rolling circle replication by a strand 
displacing DNA polymerase results in displacement of the ssDNA strand displacement primer 
extension product, resulting in tandem complementary ssDNA copies of circular template. In 
other embodiments, it is preferred that the strand displacement primer has a 3 '-portion that is 
complementary to a sequence in a circular DNA template and a 5 '-portion that is non- 
complementary, and therefore has a "flap;" the protruding flap appears to facilitate displacement 
of the primer in some cases. When strand displacement is carried out on linear DNA templates, 
strand displacement primers can be designed to have particular nucleotide compositions and/or 
structures, and additional methods and reaction components can be used in order to facilitate 
strand displacement by liberating the strand displacement primer from the template. This is 
discussed ftirther in the section of the present invention entitled "Methods of the Invention for 
Strand Displacement Replication on Linear Templates." 

[00528] A strand-displacing DNA polymerase of the invention can be any DNA 
polymerase that results in strand displacement. Preferred strand-displacing DNA polymerases 
of the present invention lack 5'-exonuclease activity, including structure-dependent 5 '-nuclease 
activity. Preferred strand-displacing DNA polymerases comprise rBst DNA polymerase large 
fragment, also called "IsoTherm™ DNA Polymerase" (Epicentre Technologies, Madison, 
Wisconsin, USA), Bca DNA Polymerase (TAKARA Shuzo Company, Kyoto, Japan), ^29 DNA 
polymerase (U.S. Patent Nos. 5,198,543 and 5,001,050, incorporated herein by reference), 
SequiTherm™ DNA Polymerase (Epicentre Technologies, Madison, Wisconsin, USA), MMLV 
reverse transcriptase, and Sequenase® DNA Polymerase (USB, Cleveland, Ohio, USA). In 
these embodiments, a strand displacement primer is used to prime second-strand DNA synthesis 
using circular first-strand cDNA as a template. Once DNA synthesis has proceeded completely 
around the circular first-strand cDNA template, the second-strand cDNA is displaced so that the 
displaced single-stranded second DNA strand is released into the reaction medium. Since a 
transcription promoter is present at least once in every round of DNA synthesis of the circular 
first-strand cDNA template, this released single-stranded second-str2ind DNA can be used as a 
ssDNA transcription substrate by an RNA polymerase of the invention. However, in this case, 
the RNA that is synthesized using the single-stranded second-strand DNA as a ssDNA 
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transcription substrate comprises anti-sense RNA, rather than sense RNA as in previous 
embodiments that used first-strand cDNA as a template. Anti-sense RNA can be used for many 
applications, such as, but not limited to, for use as probes for nucleic acid arrays. As the second 
DNA strand continues to grow, longer and longer concatemers of the anti-sense RNA are 
formed. 

[00529] With respect to embodiments of the invention that use a promoter primer, some 
embodiments obtain a ssDNA transcription template for making a transcription product 
corresponding to a target sequence in a target nucleic acid by first obtaining a circular first- 
strand cDNA comprising an anti-sense transcription promoter, wherein the circular first-strand 
cDNA is then used as a template for strand displacement DNA synthesis of the linear ssDNA 
transcription substrate by a strand-displacing DNA polymerase. 

[00530] Thus, one embodiment of the invention that uses a promoter primer comprises a 
method for making a transcription product corresponding to a target sequence in a target nucleic 
acid (FIG. 24), the method comprising: 

[00531 ] a. obtaining a target nucleic acid comprising single-stranded DNA or RNA; 
[00532] b. obtaining a single-stranded anti-sense promoter primer for synthesis of a first- 
strand cDNA, the anti-sense promoter primer comprising: (i) a sequence at its 3*-end that is 
complementary to the 3 '-end of the target sequence that is to be transcribed, and (ii) a 5 '-portion 
comprising a single-stranded sequence that is complementary to a sense transcription promoter 
(i.e., an "anti-sense promoter), wherein the sense promoter fimctions to direct transcription by an 
RNA polymerase that can use a ssDNA transcription substrate for synthesis of RNA or modified 
RNA that is complementary to the target sequence, and (iii) optionally, a phosphate group or a 
topoisomerase moiety on its 5-end; 

[00533] c. optionally, (if the 5 '-end of the target sequence in the target nucleic acid is not 
a 5 '-terminus or otherwise delimited,) obtaining a blocking oligo, the blocking oligo comprising 
a sequence that anneals tightly to a sequence on the target nucleic acid so as to delimit the 3 '-end 
of a primer extension product of the promoter primer using the target nucleic acid as a template, 
wherein the blocking oligo is not displaced by the primer extension product, and wherein the 
blocking oligo is not itself capable of being primer extended by a DNA polymerase; 
[00534] d. annealing the promoter primer and, optionally, the blocking oligo to the target 
nucleic acid; 

[00535] e. primer-extending or the promoter primer annealed to the target nucleic acid 
with a DNA polymerase under DNA synthesis conditions so as to obtain a linear first-strand 
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cDNA that is complementary to the target sequence to which the promoter primer was annealed 
and that is not complementary to the sequence where the blocking oligo is annealed (if used), 
and wherein, the linear first-strand cDNA comprises the anti-sense transcription promoter at a 
position which is 5 '-of the target sequence in the first-strand cDNA which is complementary to 
the target sequence; 

[00536] f. optionally, removing the target nucleic acid that is annealed to the linear first- 
strand cDNA; then, 

[00537] g. ligating the linear first-strand cDNA, wherein the 5 '-end of the linear first- 
strand cDNA is covalently attached to the 3 '-end of the linear first-strand cDNA so as to obtain 
circular first-strand cDNA; 

[00538] h. obtaining a strand-displacement primer; 

[00539] i. annealing the strand displacement primer to the circular first-strand cDNA; 
[00540] j. obtaining a strand-displacing DNA polymerase; 

[00541] k. contacting the circular first-strand cDNA to which the strand displacement 
primer is annealed with a strand-displacing DNA polymerase under DNA synthesis conditions 
so as to obtain linear second-strand cDNA, wherein the second-strand cDNA comprises a 
ssDNA transcription template comprising a sense transcription promoter; 
[00542] 1. obtaining the linear second-strand ssDNA transcription template; 
[00543] m, obtaining an RNA polymerase that transcribes the ssDNA transcription 
substrate using the promoter under transcription conditions; 

[00544] n. contacting the linear second-strand ssDNA transcription template with the 
RNA polymerase under transcription conditions so as to obtain anti-sense transcription products; 
and 

[00545] o. obtaining the anti-sense transcription products; and 

[00546] p. optionally, repeating steps b through p to obtain additional roimds of 

transcription of the anti-sense transcription products. 

b. Composition of Promoter Primers of the Invention 

[00547] In preferred embodiments of the invention, a promoter primer comprises DNA 
nucleotides. A promoter primer can also comprise one or more modified nucleotides for a 
particular purpose. By way of example, but not of limitation, a promoter primer can comprise 
one or more dUMP nucleotides 3 '-of a sense transcription promoter and 5 '-of the sequence that 
is complementary to a target nucleic acid sequence, which provides a site for linearizing a 
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circular ssDNA transcription substrate using UNG and endo IV, as discussed elsewhere herein. 
However, the invention is not limited to promoter primers comprising DNA nucleotides or 
modified DNA nucleotides, and in some cases, a promoter primer can comprise RNA or 
modified RNA nucleotides or both DNA and RNA nucleotides or modified nucleotides. 
[00548] The nucleic acid target-complementary portion of a promoter primer can be 
complementary to a specific known sequence in the RNA target in a sample, or it can comprise a 
mixture of all possible or many possible sequences, such as, but not limited to, random hexamer 
sequences. Random primer sequences can be made by including nucleotide reagents which are 
complementary to all four canonical bases during the chemical synthesis of each nucleotide 
position of the mRNA-complementary portion of the promoter primer. In embodiments of the 
invention using samples containing mRNA target nucleic acids, which are preferred 
embodiments, the 3 '-end of a promoter primer comprises either a specific sequence that is 
complementary to a known sequence of a specific mRNA or, if the mRNA has a poly(A) tail at 
its 3*-end, the 3 '-end of the promoter primer can comprise an oligo(dT) sequence. In still other 
embodiments of the invention for mRNA target nucleic acids, the 3 '-end of a promoter primer 
can comprise a random sequence, such as, but not limited to a random hexamer sequence. 
[00549] A promoter primer of the invention comprises a transcription promoter in its 5'- 
portion. In most embodiments, the transcription promoter comprises a sense promoter sequence 
that is capable of binding an RNA polymerase of the invention. However, those with knowledge 
in the art will understand that, due to the fact that the transcription promoter is 5 '-of the linear 
first-strand cDNA that is synthesized by reverse transcription of the RNA target nucleic acid 
using the promoter primer, an RNA polymerase of the invention cannot use the transcription 
promoter to synthesize RNA complementary to first-strand cDNA that is complementary to the 
RNA target nucleic acid. However, if the 5 '-end of the linear first-strand cDNA is ligated to its 
3 '-end so as to form circular first-strand cDNA, then an RNA polymerase of the invention can 
use the transcription promoter to synthesize RNA complementary to first-strand cDNA that is 
complementary to the RNA target nucleic acid; thus, a circular first-strand cDNA of this 
embodiment comprises a transcription substrate of the invention. Thus, a preferred promoter 
primer of these embodiments of the invention is phosphorylated at its 5 '-end in order to facilitate 
ligation of linear first-strand cDNA by a ligase of the invention under ligation conditions. By 
means of example, but not of limitation, the 5 '-end of the promoter primer can be 
phosphorylated using T4 polynucleotide kinase and ATP under suitable reaction conditions 
known in the art. In other embodiments, the promoter primer has a type 1 topoisomerase moiety 
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at its 5 '-end in order to facilitate topoisomerase-mediated ligation of linear first-strand cDNA 
under ligation conditions (e.g., U.S. Patent No. 5,766,891, incorporated herein by reference). 

D. Composition, Design and Use of Promoter Splice Template Oligos, Splice Template 
Oligos, Promoter Ligation Oligos, Ligation Oligos, Promoter Primers, Primers, and 
Ligation Splint Oligos of the Invention 

[00550] Depending on the particular method and application, a promoter splice template 
oligo, a splice template, a promoter ligation oligo, a ligation oligo, a promoter primer, a primer, 
or a ligation splint oligo, or oligos used for other purposes can comprise xmmodified or modified 
DNA, RNA or both DNA and RNA for various applications and embodiments of the invention, 
some of which are discussed in greater detail in individual sections related thereto. By way of 
example, but not of limitation, in some embodiments, these molecules can comprise 
DuraScript™ RNA made using the DuraScribe™ T7 Transcription Kit (Epicentre Technologies, 
Madison, WI). Similar types of modified RNA oligos that contain 2'-F-dCMP and 2'-F-dUMP 
can also be made using the N4 mini-vRNAP Y678F mutant enzyme, described herein in the 
section on "RNA Poljonerases of the Invention." DNA oligos can be synthesized on an oligo 
synthesizer, which is usually preferred, or enzymatically, using methods discussed elsewhere 
herein. 

[00551] hi addition to the transcription promoter sequence and a target-complementary 
sequence, if present, the various promoter-containing oligos of the invention, including, but not 
limited to, promoter splice template oligos, promoter ligation oligos, or promoter primers, of the 
invention can also have additional nucleic acid sequences that are 5 '-of and/or 3 '-of the 
transcription promoter sequence, but a promoter-containing oligo is not required to have such 
additional other sequences. By way of example, but not of limitation, these oligos can have a 
transcription initiation site 5 '-of the promoter sequence. In some embodiments of the invention, 
a promoter-containing oligo can have one or more primer sites, one or more transcription 
termination sequences, one or more sites for DNA cleavage, (such as, but not limited to, a 
dUMP residue that can be cleaved using uracil-N-glycosylase and endonuclease IV, or other 
cleavage methods discussed elsewhere herein) to permit controlled linearization of a circular 
first-strand cDNA that is a transcription substrate, one or more origins ("on's") of replication 
(preferably an ori for a single-stranded replicon, such as, but not limited to, a phage Ml 3 
replicon), a selectable or screenable marker, such as, but not limited to an antibiotic-resistance 
gene or a beta-galactosidase gene, respectively, or one or more transposon recognition sequences 
(e.g., OE or ME sequences) that can be recognized and used by a transposase for in vitro or in 
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vivo transposition, or one or more sites that are recognized by a recombinase (such as, but not 
limited to, the cre-lox system), and/or other sequences or genetic elements for a particular 
purpose. Similarly, other oligos used in a method of the invention, including those that lack a 
promoter sequence, such as splice template oligos, ligation oligos, or primers can have one or 
more of any of these additional sequences and/or genetic elements 5 '-of the target- 
complementary or target-joining portion of each respective oligo. 

[00552] The various methods of the invention, including, but not limited to the various 
processes for attaching one or more sense and/or anti-sense transcription promoter sequences to 
a target nucleic acid sequence, are not mutually exclusive of each other, and in some 
embodiments of the invention, more than one method can be used together. By way of example, 
but not of limitation, both an oligo(dT)-promoter primer and a splice template oligo that is used 
to primer-extend the 3* -end of a first-strand cDNA that is synthesized by reverse transcription of 
mRNA fi"om a sample can be used. In some embodiments, the splice template oligo can be a 
promoter spice template oligo, which encodes a promoter sequence, and in other embodiments, a 
splice template oligo that does not encode a promoter sequence can be used. A splice template 
oligo that does not encode a promoter can be used, without limitation, to provide a primer 
binding site, a single-stranded origin of replication ("ori"), such as a phage Ml 3 ori, a selectable 
or screenable marker, such as a sequence that encodes an antibiotic-resistance gene or a beta- 
galactosidase gene, respectively, and/or a transcription termination sequence. If the splice 
template oligo encodes a promoter sequence, it can encode a sequence that comprises a sense 
transcription promoter in the synthesized first-strand cDNA or it can encode a sequence that 
results in a sense promoter in a second cDNA strand that is synthesized by strand displacement 
DNA synthesis using first-strand cDNA as a template. In some embodiments of the invention, 
more than one sense transcription promoter, which can have the same DNA sequence or a 
different DNA sequence, can be present in first-strand cDNA and/or second-strand cDNA. The 
promoter sequence used in a promoter splice template oligo can be determined based on 
knowledge of sequences of sense promoters for RNA polymerases of the invention and of the 
rules of nucleic acid base complementarity and the directionality of DNA and RNA synthesis by 
DNA and RNA polymerases. By way of example, if a sense transcription promoter is desired in 
a second-strand cDNA that is made by primer extension of first-strand cDNA, which in turn is 
made by reverse transcription of mRNA, one can work backwards from having a sense 
transcription promoter of known sequence at the 3 '-end of a target nucleic acid sequence that is 
to be transcribed by an RNA polymerase of the invention, in order to determine the anti-sense 
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sequence (and directionality of transcription encoded by the sequence) that is needed in the first- 
strand cDNA, and then, what is needed in the promoter splice template oligo to which the 
primer-extended first-strand cDNA must be complementary in order for the promoter splice 
template oligo to serve as a template for primer extension of the first cDNA strand. Based on a 
reading of the disclosures herein, those with knowledge in the art will understand other methods 
of the invention which use processes with other different combinations or permutations of 
promoter splice template oligos, splice template oligos, promoter ligation oligos, promoter 
primers, and non-promoter primers to make ssDNA transcription substrates having ssDNA 
promoters that are recognized by RNA polymerases of the invention and that can be used to 
synthesize or make a transcription product corresponding to a target nucleic acid sequence for a 
particular purpose. All such methods are included in the invention. 

E. Circularizing Linear ssDNA 

1. Methods for Cloning ssDNA and Generating Libraries of ssDNA Clones, 
Including Expression Clones and Expressions Libraries 

[00553] In some embodiments, the methods of the invention for obtaining a circular 
ssDNA transcription substrate corresponding to a target sequence for a target nucleic acid 
comprise obtaining molecular clones of the target sequence. In still other embodiments, such as, 
but not limited to embodiments in which the target sequence comprises first-strand cDNA 
corresponding to all target mRNAs in a sample, the invention comprises methods for obtaining a 
library of clones comprising the target sequences of target nucleic acid. In embodiments that 
comprise obtaining a clone or a library of clones comprising target sequences, a promoter splice 
template oligo, a promoter ligation oligo, or a promoter primer that comprises a single-stranded 
origin of replication (ori), such as, but not limited to an Ml 3 ori, is used, and in most 
embodiments, a sequence that encodes a selectable or screenable marker, such as, but not limited 
to an antibiotic-resistance gene or a beta-galactosid£ise gene, respectively, is also used, and, 
optionally, a transcription termination sequence or other sequences or genetic elements are also 
used. Methods, E, coli host cells, bacteriophage (including helper phage) strains, and vectors 
and sequences, including Ml 3 ori sequences, that are needed or usefiil for working with Ml 3 
phages and Ml 3 nucleic acids and vectors and sequences derived therefi-om are available and 
well-known in the art (e.g., see Chapter 3, Volume 1 of Sambrook and Russell, Molecular 
Cloning, A Laboratory Manual, Third Edition, 2001, Cold Spring Harbor Laboratory Press, Cold 
Spring Harbor, NY, incorporated herein by reference) and these methods and compositions can 
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be used for methods of the invention for obtaining replicable clones of single-stranded DNA 
corresponding to target sequences of target nucleic acid. Also, a number of selectable or 
screenable markers and selection and screening systems are known in the art, such as, but not 
limited to those described by Sambrook and Russell Molecular Cloning, A Laboratory Manual, 
Third Edition (Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY; e.g., see Chapter 
1, Volume 1), which is incorporated herein by reference, and any suitable marker or selection or 
screening system can be used for the present invention. 

[00554] Thus, one embodiment of the invention is a method for cloning a target sequence, 
the method comprising: 

[00555] a. obtaining a single-stranded promoter primer comprising a 3 '-end portion that 
has a sequence that is complementary to the 3 '-end of a target sequence and a 5 '-portion, the 5'- 
portion comprising a sequence at or near the 5 -end that encodes a single-stranded sense 
transcription promoter for an RNA polymerase that can make a transcription product using a 
ssDNA transcription substrate and additional sequences 3*-of the promoter sequence, the 
additional sequences comprising a single-stranded origin of replication that can be replicated in 
a host cell, at least one gene for a selectable or screenable marker that is expressible in the host 
cell, and optionally, the 5 -end of the promoter primer can have a phosphate group or a 
topoisomerase moiety or a phosphate or topoisomerase moiety can be added to the 5 '-end of 
linear first-strand cDNA as an additional step of the method prior to the ligation step; 
[00556] b. annealing the promoter primer to the target nucleic acid; 
[00557] c. obtaining a DNA polymerase; 

[00558] d. primer-extending the promoter primer annealed to the target nucleic acid with 
the DNA polymerase under DNA synthesis conditions; 

[00559] e. obtaining a linear first-strand cDNA comprising a sequence that is 
complementary to the target sequence; 

[00560] f optionally, removing the target nucleic acid that is annealed to the linear first- 
strand cDNA; 

[00561] g. ligating the linear first-strand cDNA, wherein the 5 '-end of the linear first- 
strand cDNA is CO valently joined to the 3 '-end of the linear first-strand cDNA so as to obtain 
circular first-strand cDNA, wherein the circular first-strand cDNA comprises a circular ssDNA 
transcription substrate; 

[00562] h. obtaining the circular ssDNA transcription substrate; 
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[00563] i. obtaining host cells that can replicate a circular ssDNA comprising the single- 
stranded origin of replication and in which the selectable or screenable marker is expressible; 
[00564] j. incubating the host cells with DNA comprising a circular ssDNA transcription 
substrate under conditions suitable to obtain transformation; 

[00565] k. plating the host cells that were incubated with the DNA comprising a circular 
ssDNA traniscription substrate on medium that contains a composition that permits selection or 
screening for cells that contain and express the gene for the selectable or screenable marker; and 
[00566] 1. obtaining transformed host cells that contain replicable clones comprising the 
target sequence. 

[00567] In some embodiments, the host cells that are used to obtain replicable clones 
comprising the target sequence are host cells that comprise an inducible gene for an RNAP, 
wherein the RNAP can binds to the single-strand promoter and initiate transcription of a single- 
strand template therefrom. In particularly suitable embodiments, the host cells comprise an 
inducible gene that encodes an N4 vRNAP. In other embodiments, the host cells comprise an 
inducible gene that encodes an RNA polymerase that can bind to a pseudopromoter that is on a 
ssDNA transcription substrate and initiate transcription from the pseudopromoter. Inducible 
promoters that can be used to express the RNAP in the host cells in the presence of an inducing 
substance are described elsewhere herein. When host cells comprising an inducible RNAP are 
used to obtain replicable clones according to this embodiment of the invention, the transformed 
host cells that contain replicable clones, when incubated in the presence of an inducing 
substance under inducing conditions, comprise expression clones. Still further, in embodiments 
of the invention in which the target sequence comprises target nucleic acid comprising all 
mRNAs in a sample, the collection of all transformed host cells that contain replicable clones 
comprises a library of replicable clones. In yet another embodiment, if the host cells contain an 
inducible gene that encodes an RNAP, wherein the RNAP can bind to a single-stranded 
promoter and initiate transcription of a single-strand template therefrom, the collection of all 
transformed host cells that contain replicable clones comprises a library of replicable expression 
clones. 

[00568] The invention also comprises embodiments of methods for cloning a target 
sequence by using a promoter splice template oligo or a promoter ligation oligo that comprises 
sequences that encode a single-stranded origin of replication (ori), such as, but not limited to an 
Ml 3 ori, that is replicable in a host cell, a selectable or screenable marker, such as, but not 
limited to an antibiotic-resistance gene or a beta-galactosidase gene, respectively, that is 
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expressible in the host cell and, optionally, a transcription termination sequence. In these 
embodiments, the sequences that encode the ori, the selectable or screenable marker and the 
transcription termination sequence, if present, are 5 -of the promoter-complementary sequence 
(i.e., 5 -of the anti-sense promoter sequence) in the promoter splice template oligo or 3 -of the 
sense promoter sequence in the promoter ligation oligo, respectively. Initial steps of the 
methods for cloning a target sequence using a promoter splice template oligo or a promoter 
ligation oligo comprise steps that are identical to those described previously for using these 
respective oligos for obtaining a linear ssDNA transcription substrate of the invention. 
However, the next step of the methods for cloning a target sequence using a promoter splice 
template oligo or a promoter ligation oligo comprises obtaining a circular ssDNA transcription 
substrate by ligating the 5 '-end of the linear ssDNA transcription substrate to the 3 '-end xmder 
ligation conditions. Ligation conditions addition of a phosphate group to the 5'-end of the linear 
ssDNA transcription substrate, if it is not already present, using kinase, such as, but not limited 
to T4 polynucleotide kinase. Thereafter, the steps of the methods of the invention for using a 
promoter splice template oligo or a promoter ligation oligo for obtaining transformed host cells 
that contain replicable clones, replicable expression clones, libraries or expression libraries of a 
target sequence for target nucleic acid in a sample are the same as described above for methods 
that use a promoter primer. 

[00569] Based on the above description of the invention for using promoter splice 
template oligos, promoter ligation oligos, and promoter primers for obtaining host cells that 
contain replicable clones or libraries of target sequences, those with knowledge in the art will 
understand that the invention also comprises similar methods for obtaining host cells that 
contain replicable clones or libraries of target sequences using splice template oligos, ligation 
oligos, and primers that lack a promoter sequence. Thus, provided an oligo encodes sequences 
that comprise a single-stranded origin of replication and a suitable selectable or screenable 
marker for the host cell used, the methods for making replicable clones using an oligo that lacks 
a promoter sequence, including a splice template oligo, a ligation oligo or a primer, are 
substantially the same as those methods used for making replicable clones using a promoter 
splice template oligo, a promoter ligation oligo or a promoter primer, respectively. Of course, 
replicable clones of a target sequence made using an oligo that lacks a promoter sequence cannot 
express the target sequence, and therefore, expression clones and expression libraries cannot be 
obtained using these oligos. 
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2. Ligases and Ligation Methods for Circularizing Linear ssDNA 

[00570] It will be clear from the above descriptions of methods for obtaining ssDNA 
transcription substrates that it is useful in various embodiments to ligate linear ssDNA to obtain 
circular ssDNA, including, but not limited to circular ssDNA transcription substrates. The 
invention is not limited to a specific ligase for circularizing a linear ssDNA molecule and 
different ligases and ligation methods can be used in different embodiments in order to 
accomplish a particular purpose. In embodiments that use a ligase, the 5 -end of the linear 
ssDNA that is ligated to obtain a circular ssDNA must have a 5 -phosphate group or the 5 '-end 
must be phosphorylated using a polynucleotide kinase, such as, but not limited to T4 
polynucleotide kinase, during the processes of the method of the invention. 
[00571] A ligase that catalyzes non-homologous intramolecular ligation, such as, but not 
limited to ThermoPhage™ RNA Ligase II (Prokaria, Ltd., Reykjavik, Iceland), is a suitable 
ligase for ligating linear ssDNA to form a circular ssDNA. 

[00572] NAD-dependent DNA ligases that are not active on blunt ends, such as, but not 
limited to Ampligase® Thermostable DNA Ligase (Epicentre Technologies, Madison, 
Wisconsin, USA), Tth DNA ligase, Tfl DNA ligase, and Tsc DNA Ligase (Prokaria Ltd., 
Reykjavik, Iceland) can be used to ligate the 5 '-phosphate and 3'-hydroxyl termini of DNA ends 
that are adjacent to one another when annealed to a complementary DNA molecule, and are 
suitable ligases in embodiments of the invention that use a ligation splint oligo comprising 
DNA. However, the invention is not limited to the use of a particular ligase and any suitable 
ligase can be used. For example, T4 DNA ligase can be used in embodiments of the invention 
that use a ligation splint. Still further, Faruqui discloses in U.S. Patent No. 6,368,801 that T4 
RNA ligase can efficiently ligate DNA ends of nucleic acids that are adjacent to each other when 
hybridized to an RNA strand. Thus, T4 RNA ligase is a suitable ligase of the invention in 
embodiments in which DNA ends are ligated on a ligation splint oligo comprising RNA or 
modified RNA, such as, but not limited to modified RNA that contains 2'-F-dCTP and 2'-F- 
dUTP made using the DuraScribe™ T7 Transcription Kit (Epicentre Technologies, Madison, 
WI, USA) or the N4 mini-vRNAP Y678F mutant enzyme described herein. 
[00573] The invention is also not limited to the use of a ligase for covalently joining the 
5'-end to the 3'-end of the same or different nucleic acid molecules in the various embodiments 
of the invention. By way of example, other ligation methods such as, but not limited to, 
topoisomerase-mediated ligation (e.g., U.S. Patent No. 5,766,891, incorporated herein by 
reference) can be used. 
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G. Modes of Performance of the Methods of the Invention 

[00574] Depending on the appHcation and its requirements and constraints, the methods 
of the invention can be performed in a stepwise fashion, with one set of reactions being 
performed, followed by purification of a reaction product or removal of reagents or inactivation 
of enzymes or addition of reagents before proceeding to the next set of reactions, or, in other 
embodiments for other applications, the methods can be performed as a continuous set of 
multiple reactions in a single reaction mixture. By way of example, but not of limitation, in 
some embodiments, each of the separate reactions for synthesis of a cDNA library and for 
transcription using promoter-containing first-strand cDNA as a template for transcription can be 
performed separately. Still by way of example, in some embodiments in which the methods of 
the invention are used as part of a diagnostic assay, all of the reactions can be carried out in a 
single reaction mixtiire and the products of the transcription reaction may be detected, without 
ever being isolated. 

[00575] The invention also comprises parts or subsets of the methods and compositions of 
the invention. By way of example, but not of limitation, in addition to obtaining a method for 
making a transcription product corresponding to the mRNA molecules in a sample, the invention 
also comprises improved methods for making full-length first-strand cDNA with DNA 
sequences corresponding to the complete 5 '-end of the mRNA in the sample, and cloning the 
single-stranded cDNA using a single-stranded origin of replication, such as a phage Ml 3 ori. 
This method for making and cloning full-length cDNA corresponding to mRNA in a sample can 
be, but need not be, part of the method for making a transcription product. Thus, the invention 
comprises all of the individual steps of the methods of the invention that are enabled thereby, in 
addition to the overall methods. 

G. Examples of the Scope of Applications of the Invention 

[00576] Those with knowledge in the art will understand that the present invention is 
novel and very broad in scope and provides improvements in methods, processes, compositions 
and kits related to making transcription products corresponding to a tJirget nucleic acid sequence 
comprising RNA, including mRNA, or DNA in a biological sample for many applications. 
These methods are useful for applications such as, but not limited to, making full-length cDNA 
and cDNA libraries, improving gene expression analysis, and detecting a target sequence. By 
way of further example, but not of limitation, the present invention comprises improved 
methods, processes, compositions and kits that improve upon methods and applications to: 
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1 . amplify nucleic acid molecules in vitro 

2. amplify nucleic molecules in vivo 

3. amplify a DNA sequence in vitro 

4. amplify a DNA sequence in vivo 

5. amplify a genomic DNA sequence in vitro 

6. amplify a genomic DNA sequence in vivo 

7. amplify an RNA sequence in vitro 

8. amplify an RNA sequence in vivo 

9. amplify mRNA 

10. amplify rRNA 

1 1 . make cDNA complementary to an RNA 

12. make full-length first-strand cDNA complement£iry to mRNA 

13. make a cDNA library complementary to mRNA in a sample 

1 4. synthesize RNA 

15. synthesize modified RNA, such as, but not limited to, RNA containing 2'-fluoro- 
nucleotides for various applications, including, but not limited to, other applications 
for modified RNA or dsRNA herein above or below. 

16. synthesize DNA 

17. detect the presence of a nucleic acid sequence in a sample 

18. detect the presence of a target nucleic acid sequence in a sample that is indicative of 
the presence of a target organism 

19. detect the presence of a target nucleic acid analyte in a sample 

20. detect the presence of a DNA sequence in a sample 

21 . detect the presence of an RNA sequence in a sample 

22. detect the presence (or absence at a detectable level) of a gene in a sample 

23. detect the presence (or absence at a detectable level) of a mutated gene in a sample 

24. detect the presence of a target organism in a sample 

25. detect the presence of a virus in a sample 

26. detect the presence of a bacterium in a sample 

27. detect the presence of a pathogenic organism in a sample 

28. detect the presence of a beneficial organism in a sample 

29. identify and quantify nucleic acids associated with RNA and DNA binding proteins 
using a ssDNA transcription substrate of the invention and an RNA polymerase that 
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can synthesize RNA using the ssDNA transcription substrate as an indirect signaling 
method similar to the ID AT and other methods that use a T7-type RNA polymerase, as 
disclosed by Zhang et al. (Proc. Natl. Acad. Sci. USA 98:5497-5502, 2001) and by 
Eberwine in PCX Publication No. WO 02/14476, both of which are incorporated 
herein by reference 

30. detect an oncogene 

3 1 . detect an anti-oncogene 

32. quantify the level of a virus, a microorganism, a gene, an mRNA, an rRNA, a nucleic 
acid analyte, or any other nucleic acid of whatever type for whatever purpose. 

33. use as a probe 

34. use as a probe for an array or microarray 

35. make dsRNA or modified dsRNA that can be introduced into human, animal or other 
eukaryotic cells in serum and without use of a transfection agent. 

36. synthesize dsRNA or modified dsRNA in vitro for use in RNAi 

37. sjmthesize dsRNA or modified dsRNA in vivo for use in RNAi 

38. synthesize dsRNA or modified dsRNA in vitro for use siRNA 

39. synthesize dsRNA in vivo for use siRNA 

40. make RNAi or modified RNAi that silences a gene encoded by a virus or other 
infectious agent. 

41. make siRNAi or modified siRNA that silences a gene encoded by a virus or other 
infectious agent. 

42. make RNAi or modified RNAi that silences a gene encoded by a plant, animal, human, 
fiingal or other eukaryotic host gene that is involved with and/or interacts with a 
biological molecule encoded by a virus or other infectious agent. 

43. make siRNAi or modified siRNA that silences a gene encoded by a plant, animal, 
human, fimgal or other eukaryotic host gene that is involved with and/or interacts with 
a biological molecule encoded by a virus or other infectious agent. 

44. make RNAi or modified RNAi that silences a non-essential disease-susceptibility gene 
encoded by a plant, animal, human, fimgal or other eukaryotic host gene . 

45. make siRNAi or modified siRNA that silences a non-essential disease-susceptibility 
gene encoded by a plant, animal, human, fiingal or other eukaryotic host gene. 
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46. make RNAi or modified RNAi that silences a non-essential gene encoded by a plant, 
animal, human, fungal or other eukaryotic host gene, wherein the gene silencing 
results in a beneficial effect. 

47. make siRNAi or modified siRNA that silences a non-essential gene encoded by a 
plant, animal, human, fungal or other eukaryotic host gene, wherein the gene silencing 
results in a beneficial effect. 

48. make RNAi or modified RNAi that silences a non-essential gene encoded by a plant, 
animal, fungal or other eukaryotic host gene, wherein the gene silencing results in 
improved yield, production of a biological molecule, flavor, or other commercially 
beneficial effect, such as, but not limited to, cold-hardiness, salt-tolerance, shortened 
growing season, or increased efficiency of utilization of a nutrient. 

49. make siRNAi or modified siRNA that silences a non-essential gene encoded by a 
plant, animal, fungal or other eukaryotic host gene, wherein the gene silencing results 
in improved yield, production of a biological molecule, flavor, or other commercially 
beneficial effect, such as, but not limited to, cold-hardiness, salt-tolerance, shortened 
growing season, or increased efficiency of utilization of a nutrient. 

50. diagnose the presence and/or level of an infectious organism 

5 1 . diagnose a disease of any type 

52. detect the presence of a nucleic acid in an environmental sample 

53. differentiate, both qualitatively and quantitatively, between which mRNA molecules 
are present in different types of cells or in the same type of cells under different 
conditions or in the same or different types of cells under the same or different 
conditions or in response to specific stimuli or treatments 

54. analyze, both qualitatively and quantitatively, gene expression profiles in cells under 
different defined conditions 

55. analyze, both qualitatively and quantitatively, gene expression profiles in different 
types of cells under the same defined environmental conditions 

56. analyze, both qualitatively and quantitatively, gene expression profiles in cells over 
time 

57. analyze, both qualitatively and quantitatively, gene expression in response to specific 
stimuli 

58. make a library or libraries of mRNA molecules and/or cDNA molecules that are 
present in one type of cell that are not present in another type of cell, or that are 
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present in one type of cell under certain conditions but not under other conditions (i.e., 
a subtraction library). 

59. map and clone sequences corresponding to the 5 '-ends of mRNA's, including, but not 
limited to, those generated from a specific gene by altemative splicing and promoter 
usage 

60. generate improved templates for more accurate rapid amplification of cDNA ends 
("RACE") techniques (e.g., see Flouriot et al.. Nucleic Acids Res. 27:e8 (I-iv), 1999, 
incorporated herein by reference). 

61. make and/or amplify mRNA for in vitro or in vivo translation, including, but not 
limited to coupled or step-wise transcription and translation. 

62. amplify RNA and/or DNA or modified RNA and/or DNA present in living cells, such 
as, but not limited to, tumor or cancer cells from a patient for introduction into 
dendritic cells (e.g., see U.S. Patents Nos. 5,994,126 and 6,475,483 of Steinman et al., 
incorporated herein by reference) or other cells from the patient in order to boost or 
increase an in vivo response, such as, but not limited to, an immune response in the 
patient, with the goal of decreasing the size or the number of cells in the tumor or 
cancer in the patient. 

63. make and/or amplify RNA and/or DNA or modified RNA and/or DNA from a patient 
and or present in a virus or other infectious agent, wherein the RNA and/or DNA is for 
use as an RNA vaccine and/or a DNA vaccine, respectively. 

64. make RNA or modified RNA that can be introduced into human, animal or other 
eukaryotic cells in serum and without use of a transfection agent. 

65. make modified RNA containing 2*-fluoro-2'deoxynucleotides, such as, but not limited 
to, 2'-F-dCMP and 2'-F-dUTP, in place of the corresponding canonical nucleotides. 

66. produce arrays or microarrays of amplified nucleic acids by attaching the amplification 
products onto a solid substrate. 

67. detect a mutation or a mutated form of a target nucleic acid sequence in a sample 

68. quantify the amount of a target nucleic acid or target nucleic acids in a sample. 

[00577] The mini-vRNAP Y678F mutant enzyme has improved ability to incorporate 2'- 
fluoro-dNTPs compared to the wild-type N4 vRNAP or mini-vRNAP (Kazmierczak, K.M., et 
al., EMBO J,, 21:5815-5823, 2002, incorporated herein by reference). Modified RNA 
molecules that contain 2'-F-dCMP and 2'-F-dUTP are resistant to RNase A-type ribonucleases 
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(Sousa et al., U.S. Patent No. 5,849,546), included herein by reference. Capodici et al., (J. 
Immunology 169:5196-5201, 2002), included herein by reference, showed that 2'-fluoro- 
containing dsRNA molecules made using the DuraScribe™ T7 Transcription Kit (Epicentre 
Technologies, Madison, WI, USA) did not require transfection reagents for delivery into cells, 
even in the presence of serum. Kakiuchi et al. {L BioL Chem. 257:1924-1928, 1982), included 
herein by reference, showed that use of [(2'-F-dI)n. : (2'-F-dC)n. duplexes were 40-100 times 
less antigenic than [(rl).subn. : (rCnO duplexes, and did not induce an interferon response like 
[(rl)n. : (rC)n.] duplexes. 

H. Use of Methods of the Present Invention for Making Double-Stranded RNA for RNA 
Interference 

1. Combining Use of a ssDNA Transcription Substrate for N4 mini-vRNAP and a 
Substrate for dsDNA Substrate for a T7-Tvpe RNAP to Synthesize Both RNA 
Strands of dsRNA for Use as RNAi 

[00578] The methods of the present invention can also be combined with methods in the 
art for a particular purpose. By way of example, but not of limitation, both N4 vRNAP-type 
promoters and T7 RNAP-type promoters can be combined for a method to make double- 
stranded RNA for use as RNAi or siRNA. Thus, in one embodiment, a primer comprising a T7 
RNAP or other T7-type protopromoter at its 5 '-end and a sequence that is complementary to the 
3 '-end of a target sequence can be used for reverse transcription or primer extension to 
synthesize first-strand cDNA that is complementary to a target sequence in a target nucleic acid. 
Then, the 3 '-end of the first-strand cDNA can be primer-extended using a promoter splice 
template oligo, the promoter splice template oligo comprising a sequence at its 3 '-end that is 
complementary to the 3 '-end of the first-strand cDNA and a sequence at its 5 '-end that is 
complementary to a sense promoter for an N4 vRNAP promoter. The resulting product has a 
sense N4 vRNAP promoter on its 3 '-end and an anti-sense T7 RNAP protopromoter sequence 
on its 5 '-end. Thus, an N4 mini-vRNAP can be used to synthesize is sense-strand RNA fi-om 
this single-stranded first-strand cDNA template corresponding to the target sequence. Then, the 
first-strand cDNA can be made double stranded by primer extension using a primer 
complementary to the 3 '-end of the first-strand cDNA (e.g., complementary to the N4 vRNAP 
promoter) and first-strand cDNA as a template. The resulting double-stranded cDNA can be 
used for transcription of RNA that is anti-sense with respect to the target sequence using T7 
RNAP. The sense and anti-sense modified RNA strands can be annealed to produce double- 
stranded RNA that can be used for RNA interference, including, but not limited to, as siRNA. 
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In other embodiments of the invention, N4 mini-vRNAP Y678F and T7 RNAP Y639F (Sousa et 
al., U.S. Patent No. 5,849,546, incorporated herein by reference) mutant enzymes can be used in 
order to synthesize, respectively, sense and anti-sense modified RNA that contains 2'-fluoro- 
pyrimidine nucleotides in place of the canonical pyrimidine nucleotides. 

2. Methods for Making Transcription Products for Use as RNAi by Obtaining a 
ssDNA Transcription Substrate Comprising a Hairpin Target Sequence 

[00579] The present invention is not limited to this particular method for making dsRNA 

for use as RNAi. Another method of the invention uses a target sequence comprising a hairpin in 

order to synthesize a ssDNA transcription substrate that encodes both strands of a dsRNA and a 

non-complementary region. Transcription of the transcription substrate using an N4 vRNAP or 

another RNAP that recognizes a single-stranded pseudopromoter, as described herein, yields a 

hairpin RNA structure for use as RNAi. According to this method, a sense transcription 

promoter for an N4 vRNAP or a sense single-stranded pseudopromoter is attached at the 3 '-end 

of a DNA target sequence using a promoter splice template, a promoter ligation oligo or a 

promoter primer, as described elsewhere herein, in order to make a ssDNA transcription 

substrate. The target sequence in the ssDNA transcription substrate comprises: (a) a 3* -portion, 

wherein the 3 '-portion encodes a sequence for a first strand of a dsRNA that is to be used as 

RNAi; (b) a middle portion, wherein the middle portion comprises a sequence that is not 

complementary to either strand of the dsRNA; and (c) a 5 '-portion, wherein the 5 '-portion 

encodes the sequence for a second strand of the dsRNA that is to be used as RNAi and wherein 

the RNA encoded by the 5 '-portion that encodes the second strand is complementary to and can 

anneal to the RNA encoded by the 3 '-portion that encodes the first strand so as to form a hairpin 

structure wherein the middle portion is a loop structure of the hairpin. This ssDNA transcription 

substrate is used for in vitro transcription by an RNA polymerase that can transcribe the ssDNA 

transcription substrate. Suitable RNA poljmierases comprise N4 vRNAPs, such as mini-vRNAP 

or mini-vRNAP Y678F, for transcription substrates having an N4 vRNAP promoter. In other 

embodiments that use a transcription substrate comprising a single-stranded pseudopromoter, an 

RNAP that can bind to and synthesize RNA using the pseudopromoter can be used in order to 

synthesize a dsRNA hairpin that can be used as RNAi. In still other embodiments, a molecule 

that is identical to a ssDNA transcription substrate of the invention for synthesis of hairpin RNA 

for use as RNAi can be obtained by chemical synthesis using an oligonucleotide synthesizer 

using methods known in the art. The chemically synthesized ssDNA can be used as a substrate 

for in vitro transcription using an RNA polymerase of the present invention. 
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[00580] In some embodiments that use a hairpin substrate for in vitro transcription, 2*- 
fluoro-pyrimidine deoxynucleotides are used in place of canonical pyrimidine nucleotides when 
the mini-vRNAP Y678F (Kazmierczak, K.M., et al„ EMBO L 21 :5815-5823, 2002, 
incorporated herein by reference) or a mutant T7-type RNAP, such as the T7 RNAP Y639F 
mutant enzyme (Sousa et al., U.S. Patent No. 5,849,546, incorporated herein by reference), is 
used to synthesize dsRNA for use as RNAi. 

1. Kits and Compositions of the Invention 

[00581] The present invention also comprises kits and compositions for carrying out the 
methods of the invention. A kit of the invention comprises one or, preferably, multiple 
components for carrying out the various processes of a method. With respect to embodiments of 
the invention for making a transcription product corresponding to a target sequence of a target 
nucleic acid, a kit comprises an RNA polymerase of the invention that can synthesize RNA 
using a ssDNA transcription substrate and at least one oligonucleotide, and preferably multiple 
oligonucleotides, that encode a sequence for either a sense or an anti-sense transcription 
promoter of the invention, including a promoter splice template oligo, a promoter ligation oligo 
or a promoter primer for use in generating a transcription substrate of the invention. With respect 
to embodiments of the invention for obtaining host cells comprising replicable single-stranded 
clones or libraries of replicable single-stranded clones comprising target sequences of target 
nucleic acids in a sample, a kit comprises, at a minimum, at least one ohgonucleotide, chosen 
from among a promoter splice template oligo, a splice template oligo, a promoter ligation oligo, 
a ligation oligo, or a promoter primer or primer, wherein the oligo comprises a single-stranded 
origin of replication (ori), such as, but not limited to an Ml 3 ori, and a sequence that encodes a 
selectable or screenable marker, such as, but not limited to an antibiotic-resistance gene, or a 
beta-galactosidase gene, respectively, and a host cell that can replicate a circular ssDNA 
comprising the single-stranded origin of replication and in which the selectable or screenable 
marker is expressible. With respect to embodiments for obtaining host cells comprising 
replicable single-stranded expression clones or expression libraries comprising a target sequence 
of target nucleic acid, a kit of the invention comprises an oligonucleotide that comprises a 
promoter for an RNA polymerase of the invention that can synthesize RNA using a ssDNA 
transcription substrate and the host cell comprises an inducible gene for the RNA polymerase 
that recognizes the promoter. 
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[00582] Depending on the particular embodiment, a kit can also contain one or more other 
components. By way of example, but not of limitation, a kit can comprise one or more other 
oligos, including splice template oligos, ligation splint oligos, and/or primers, including, but not 
limited to strand-displacement primers. A kit of the invention can also contain one or more 
other enzymes, such as, but not limited to, a reverse transcriptase, a ligase, a DNA polymerase, 
which can be a strand displacing DNA polymerase, an RNaseH, and/or other enzymes for 
particular processes of the invention. Still further a kit can contain components or reagents for 
use with host cells, such as helper phages, inducing substances, or substances for making the 
cells competent for transformation. 

[00583] A kit can be for a specific method, such as, but not limited to, a kit for the 
synthesis and cloning of fiill-length cDNA or cDNA libraries that correspond to the complete 
sequence of 5'-ends of mRNA molecules, a kit for generating templates for random 
amplification of cDNA ends (RACE), a kit for making a transcription product corresponding to 
mRNA fi*om a particular type of cell or different cells, whether imder the same conditions or 
different environmental conditions, for gene expression profiling, including generation of sense 
or anti-sense probes for microarrays, a kit for amplification of an RNA or DNA sequence, 
including a kit for performing multiple rounds of transcription of a target nucleic acid sequence 
in a single reaction mixture, a kit for making a transcription product corresponding to a 
particular target nucleic acid sequence, if present in a sample, that is diagnostic or indicative of a 
pathogen, a disease gene, a mutated allele, or the like, a kit for an analyte-specific assay, 
wherein the analyte is a nucleic acid, a kit for amplifying a target nucleic acid by strand 
displacement replication or rolling circle replication and/or transcription of a ssDNA 
transcription substrate, a kit for making RNAi, including siRNA, or modified RNAi or siRNA, 
including, but not limited to, 2'-F-dCMP- and 2'-F-dUMP-containing RNAi or siRNA, or any of 
a broad range of kits that will be understood by those with knowledge in the art by a reading of 
the description of the invention herein. 

[00584] In general, a kit of the invention will also comprise a description of the 
components of the kit and instructions for their use in a particular process or method or methods 
of the invention. In general, a kit of the present invention will also comprise other components, 

such as, but not limited to, buffers, ribonucleotides and/or deoxynucleotides, including modified 
nucleotides in some embodiments, DNA polymerization or reverse transcriptase enhancers, such 
as, but not limited to betaine (trimethylglycine), and salts of monvalent or divalent cations, such 
as but not limited to potassivun acetate or chloride and/or magnesium chloride, enzyme 
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substrates and/or cofactors, such as, but not limited to, ATP or NAD, and the Uke which are 
needed for optimal conditions of one or more reactions or processes of a method or a 
combination of methods for a particular application. A kit of the invention can comprise a a set 
of individual reagents for a particular process or a series of sets of individual reagents for 
multiple processes of a method that are performed in a stepwise or serial manner, or a kit can 
comprise a multiple reagents combined into a single reaction mixture or a small number of 
mixtures of multiple reagents, each of which perform multiple reactions and/or processes in a 
single tube. In general, the veirious components of a kit for performing a particular process of a 
method of the invention or a complete method of the invention will be optimized so that they 
have appropriate amounts of reagents and conditions to work together in the process and/or 
method. 

[00585] Components of a kit may be provided as solutions or as dried powder(s). When 
reagents and/or components are provided as a dry powder, the powder can be reconstituted by 
the addition of a suitable solvent, in which case, the solvent may also be provided in another 
container. 

[00586] As used herein in the specification, "a" or "an" may mean one or more. As used 
herein in the claim(s), when used in conjunction with the word "comprising," the words "a" or 
"an" may mean one or more than one. As used herein "another" may mean at least a second or 
more. 

IX. Use of RNA Polvmerases of the Invention in Signaling Svstems 

[00587] With respect to this aspect of the invention, a "signaling system" means and 
comprises the multitude of substances, compositions and environmental conditions comprising a 
method for detecting the presence or quantity of an analyte in a sample by detecting a transcript 
that results from transcription of a ssDNA polynucleotide that is operably joined to an analyte- 
binding substance. An important composition of a method comprising a signaling system of the 
invention is an analyte-binding substance that is operably joined to a ssDNA polynucleotide, 
wherein the ssDNA polynucleotide comprises a sequence that encodes a detectable transcript, 
wherein the sequence is operably joined to a single-stranded promoter for an RNA polymerase 
that can bind the promoter of the ssDNA polynucleotide and transcribe the sequence thereof, 
thereby making the detectable transcript xmder transcription conditions. 

[00588] Other methods for detecting an analyte using transcription are known in the art, 
including the methods described by Zhang et al. (Proc. Natl. Acad. Sci. USA 98: 5497-5502, 
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2001), by Eberwine in PCX Patent Application No. WO 02/14476, and by Hudson et al. in U.S. 
Patent No. 6,100,024, all of which are incorporated herein by reference. In contrast to the 
present invention, all of the methods of the prior art require, at a minimum, making a 
composition comprising a double-stranded promoter, and in most cases, the methods in the art 
also require preparation of double-stranded templates. 

[00589] The signaling systems of the present invention differ from methods in the prior 
art in that they use a single-stranded DNA polynucleotide that is operably joined to an analyte- 
binding substance (ABS), wherein the single-stranded DNA polynucleotide comprises a single- 
stranded promoter that is operably joined to a single-stranded template that encodes a 
transcription product, and wherein the ABS is detected by making the transcription product 
using an RNA polymerase that binds to the single-stranded promoter comprising the single- 
stranded DNA polynucleotide. 

[00590] The invention comprises methods, compositions and kits for using the RNA 
polymerases of the invention as a signaling system for an analyte of any type, including analytes 
such as, but not limited to, antigens, antibodies or other substances, in addition to an analyte that 
is a target nucleic acid. 

[00591] Thus, the invention comprises a method for detecting an analyte in or from a 

sample, the method comprising: 

[00592] 1. obtaining a transcription signaling system, the transcription signaling system 
comprising a ssDNA comprising: (a) a sequence for a promoter for an RNA polymerase chosen 
from among N4 vRNAP, N4 mini-vRNAP, and N4 mini-vRNAP Y678F enzymes or another 
enzyme that binds a single-stranded promoter and transcribes a single-stranded template to 
which it is operably joined; and (b) a signal sequence that is operably joined to the promoter 
sequence, wherein the signal sequence, when transcribed by the RNA polymerase, is detectable 
in some manner; and 

[00593] 2. joining the transcription signaling system, either covalently or non-covalently, 
to an analyte-binding substance, wherein the joining to the analyte-binding substance is not 
affected by the conditions of the assay and wherein the joining to the analyte-binding substance 
does not affect the ability of the transcription signaling system to be transcribed using the RNA 
polymerase under transcription conditions; 

[00594] 3. contacting the analyte-binding substance to which the transcription signaling 
system is joined with a sample under binding conditions, wherein the analyte, if present in the 
sample, binds to the analyte-binding substance so as to form a specific binding pair; and 
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[00595] 4. removing the specific binding pair from the sample so as to separate it from 
other components in the sample; and 

[00596] 5. incubating the specific-binding pair under transcription conditions with an 
RNA polymerase, wherein the RNA polymerase can synthesize a transcription product that is 
complementary to the signal sequence in the ssDNA transcription signaling system under the 
transcription conditions; 

[00597] 6. obtaining a transcription product that is complementary to the signal sequence 
in the ssDNA transcription signaling system; and 

[00598] 7. detecting the transcription product or a substance that results from the 
transcription product. 

[00599] This method of the invention can be used for a broad range of analytes and 
analyte-binding substances. By way of example, but not of limitation, the analyte can be an 
antigen and the analj^e-binding substance can be antibody, or the analyte can be a nucleic acid 
and the analyte-binding substance can be another complementary nucleic acid. As discussed 
below, a large number of other substances exist for which a specific-binding pair can be foxmd, 
all of which are within the scope of the invention. 

[00600] In order to detect an analj^e in a sample, an assay of this aspect of the invention 
uses an analj^e-binding substance that *'binds" to the analyte under "binding conditions." The 
analyte-binding substance, which can also be referred to as an "affinity molecule," an "affinity 
substance," a "specific binding substance," or a "binding molecule" for the analyte, is in tum 
detected by making a transcription product using a transcription signaling system that is joined 
to the analyte-binding substance. The transcription signaling system comprises a single- 
stranded promoter that is operably joined to a single-stranded signal sequence, wherein 
transcription of the signal sequence by an RNA polymerase that can use the single-stranded 
signaling system results in a transcription product that is detectable by some means, as discussed 
below. 

[00601] 1 . Analytes and Analyte-Binding Substances for Assays in which an RNA 
Polymerase that Recognizes a Single-Stranded Promoter Is Used as a Signaling System 
[00602] An "analyte" or an "analyte-binding substance" of this aspect of the invention 
can be any of those described in U.S. Patent No. 6,562,575 of one of the present inventors, 
which is entitled "Analyte-Specific Assays Based on Formation of a Replicase Substrate," and 
which is incorporated herein in its entirety by reference so as to be made part of the present 
invention. An analyte can be any substance whose presence, concentration or amount in a 
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sample is determined in an assay. By way of example, but not of limitation, an analyte can be a 
biochemical molecule or a biopolymer or a segment of a biopolymer, such as a protein or 
peptide, including a glycoprotein or lipoprotein, an enzyme, hormone, receptor, antigen or 
antibody, nucleic acid (DNA or RNA), polysaccharide, or lipid. 
[00603] An analyte-binding substance that is a nucleic acid, polynucleotide, 
oligonucleotide or a segment of a nucleic acid or polynucleotide, including nucleic acids 
composed of either DNA or RNA, or both DNA and RNA mononucleosides, including modified 
DNA or RNA mononucleosides, can also be used according to the invention to detect an analyte 
that does not comprise nucleic acid. For example, a method termed "SELEX," as described by 
Gold and Tuerk in U.S. Pat. No. 5,270,163, can be used to select a nucleic acid for use as an 
analyte-binding substance according to the invention. SELEX permits selection of a nucleic 
acid molecule that has high affinity for a specific analyte firom a large population of nucleic acid 
molecules, at least a portion of which have a randomized sequence. For example, a population 
of all possible randomized 25-mer oligonucleotides (i.e., having each of four possible nucleic 
acid bases at every position) will contain 4^^ (or 10^^) different nucleic acid molecules, each of 
which has a different three-dimensional structure and different analyte binding properties. 
SELEX can be used, according to the methods described in U.S. Pat. Nos. 5,270,163; 5,567,588; 
5,580,737; 5,587,468; 5,683,867; 5,696,249; 5723,594; 5,773,598; 5,817,785; 5,861,254; 
5,958,691; 5,998,142; 6,001,577; 6,013,443; and 6,030,776, incorporated herein by reference, in 
order to select an analyte-binding nucleic acid with high affinity for a specific analyte that is not 
a nucleic acid or polynucleotide. Once selected using SELEX, nucleic acid affinity molecules 
can be made by any of numerous known in vivo or in vitro techniques, including, by way of 
example, but not of limitation, automated nucleic acid synthesis techniques, PGR, or in vitro 
transcription. 

[00604] Naturally occurring nucleic acid or polynucleotide sequences that have affinity 
for other naturally occurring molecules such as, but not limited to, protein molecules, are also 
known in the art. Examples include, but are not limited to certain nucleic acid sequences such as 
operators, promoters, origins of replication, sequences recognized by steroid hormone-receptor 
complexes, restriction endonuclease recognition sequences, ribosomal nucleic acids, and so on, 
which are known to bind tightly to certain proteins. For example, in two well-known systems, 
the lac repressor and the bacteriophage lambda repressor each bind to their respective specific 
nucleic acid sequences called "operators" to block initiation of transcription of their 
corresponding mRNA molecules. Nucleic acids containing such specific sequences can be used 
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in the invention as analyte-binding substances for the respective proteins or other molecules for 
which the nucleic acid has affinity. In these cases, the nucleic acid with the specific sequence 
can be used according to this aspect of the invention as the analyte-binding substance for the 
respective specific protein, glycoprotein, lipoprotein, small molecule or other analyte that it 
binds. One of several techniques which are generally called "footprinting" (e.g., see Galas, D. 
and Schmitz, A, Nucleic Acids Res. 5:3161, 1978) can be used to identify sequences of nucleic 
acids which bind to a protein. Other methods are also known to those with skill in the art and 
can be used to identify nucleic acid sequences for use as specific analyte-binding substances for 
use in the invention. 

[00605] A peptide nucleic acid (PNA) or a molecule comprising both a nucleic acid and a 
PNA can also be used according to the invention as an analyte-binding substance for an analyte 
that is a nucleic acid or polynucleotide. PNA as an analyte-binding substance of the invention 
provides tighter binding (and greater binding stability) in assays for a nucleic acid analyte (e.g., 
see U.S. Pat. No. 5,985,563). Also, since PNA is not naturally occurring, PNA molecules are 
highly resistant to protease and nuclease activity. Antibodies to PNA/DNA or PNA/RNA 
complexes can be used in the invention for capture, recognition, detection, identification, or 
quantitation of nucleic acids in biological samples, via their ability to bind specifically to the 
respective complexes without binding the individual molecules (U.S. Pat. No. 5,612,458). 
[00606] The invention also contemplates that a combinatorial library of randomized 
peptide nucleic acids prepared by a method such as, but not limited to, the methods described in 
U.S. Pat. Nos. 5,539,083; 5,831,014; and 5,864,010, can be used to prepare analyte-binding 
substances for use in assays for analytes of all types, including analytes that are nucleic acids, 
proteins, or other analytes, without limit. As is the case for the SELEX method with nucleic 
acids, randomized peptide or peptide nucleic acid libraries are made to contain molecules with a 
very large number of different binding affinities for an analyte. After selection of an appropriate 
affinity molecule for an analyte from a library, the selected affinity molecule can be used in the 
invention as an analyte-binding substance. 

[00607] An analyte-binding substance can also be an oligonucleotide or polynucleotide 
with a modified backbone that is not an amino acid, such as, but not limited to modified 
oligonucleotides described in U.S. Pat. Nos. 5,602,240; 6,610,289; 5,696,253; or 6,013,785. 
[00608] The invention also contemplates that an analyte-binding substance can be 
prepared from a combinatorial library of randomized peptides (i.e., comprising at least four 
naturally-occurring amino acids). One way to prepare the randomized peptide library is to place 

-154- 

QBMAD\367390.1 



a randomized DNA sequence, prepared as for SELEX, downstream of a phage T7 RNA 
polymerase promoter, or a similar promoter, and then use a method such as, but not limited to, 
coupled transcription-translation, as described in U.S. Pat. Nos. 5,324,637; 5,492,817; or 
5,665,563, or stepwise transcription, followed by translation. Alternatively, a randomized DNA 
sequence, prepared as for SELEX, can be cloned into a site in a DNA vector that, once inserted, 
encodes a recombinant MDV-1 RNA containing the randomized sequence that is replicatable by 
Q-beta replicase (e.g., between nucleotides 63 and 64 in MDV-1 (+) RNA; see U.S. Pat. No. 
5,620,870). The recombinant MDV-1 DNA containing the randomized DNA sequence is 
downstream from a T7 RNA polymerase promoter or a similar promoter in the DNA vector. 
Then, following transcription, the recombinant MDV- 1 RNA, containing the randomized 
sequence can be used to make a randomized peptide library comprising at least four naturally- 
occurring amino acids by coupled replication-translation as described in U.S. Pat. No. 
5,556,769. An analyte-binding substance can be selected from the library by binding peptides in 
the library to an analyte, separating the unboxmd peptides, and identifying one or more peptides 
that is bound to analyte by means known in the art. Altematively, high throughput screening 
methods can be used to screen all individual peptides in the library to identify those which can 
be used as analyte-binding substances. Although the identification of an analyte-binding peptide 
by these methods is difficult and tedious, the methods in the art are improving for doing so, and 
the expenditure of time and effort required may be warranted for identifying analyte-binding 
substances for use in assays of the invention that will be used routinely in large numbers. 
[00609] A variety of other analyte-binding substances can also be used in methods for this 
aspect of the invention. 

[0061 0] For an antigen analyte (which itself may be an antibody), antibodies, including 
monoclonal antibodies, are available as analyte-binding substances. For certain antibody 
analytes in samples which include only one antibody, an antibody binding protein such as 
Staphylococcus aureus Protein A can be employed as an analyte-binding substance. 
[0061 1] For an analyte, such as a glycoprotein or class of glycoproteins, or a 
polysaccharide or class of polysaccharides, which is distinguished from other substances in a 
sample by having a carbohydrate moiety which is bound specifically by a lectin, a suitable 
analyte-binding substance is the lectin. 

[00612] For an analyte which is a hormone, a receptor for the hormone can be employed 
as an analyte-binding substance. Conversely, for an analyte which is a receptor for a hormone, 
the hormone can be employed as the analyte-binding substance. 
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[00613] For an analyte which is an enzyme, an inhibitor of the enzyme can be employed 
as an analyte-binding substance. For an analyte which is an inhibitor of an enzyme, the enzyme 
can be employed as the analyte-binding substance. 

[00614] Usually, an analyte molecule and an affinity molecule for the analyte molecule 
are related as a specific "binding pair", i.e., their interaction is only through non-covalent bonds 
such as hydrogen-bonding, hydrophobic interactions (including stacking of aromatic molecules), 
van der Waals forces, and salt bridges. Without being bound by theory, it is believed in the art 
that these kinds of non-covalent bonds result in binding, in part due to complementary shapes or 
structures of the molecules involved in the binding pair. 

[0061 5] The term "binding" according to this aspect of the invention refers to the 
interaction between an analyte-binding substance or affinity molecule and an analyte as a result 
of non-covalent bonds, such as, but not limited to, hydrogen bonds, hydrophobic interactions, 
van der Waals bonds, and ionic bonds. 

[0061 6] Based on the definition for "binding," and the wide variety of affinity molecules 
and analytes which can be used in the invention, it is clear that "binding conditions" vary for 
different specific binding pairs. Those skilled in the art can easily determine conditions 
whereby, in a sample, binding occurs between affinity molecule and analyte that may be present. 
In particular, those skilled in the art can easily determine conditions whereby binding between 
affinity molecule and analyte, which would be considered in the art to be "specific binding," can 
be made to occur. As understood in the art, such specificity is usually due to the higher affinity 
of affinity molecule for analyte than for other substances and components (e.g., vessel walls, 
solid supports) in a sample. In certain cases, the specificity might also involve, or might be due 
to, a significantly more rapid association of affinity molecule with analyte than with other 
substances and components in a sample. 

[00617] "Hybridization" is the term used to refer to the process of incubating an affinity 
molecule comprising a nucleic acid, or a peptide nucleic acid (PNA) molecule, or a covalently 
linked, joined or attached nucleic acid-PNA molecule with an analyte comprising a nucleic acid 
imder "binding conditions," which are also called "hybridization conditions." The ability of two 
polymers of nucleic acid containing complementary sequences to find each other and anneal 
through base pairing interaction is a well-recognized phenomenon. The initial observations of 
the "hybridization" process by Marmur and Lane ( Proc. Nat. Acad. Sci. USA 46:453, 1960) and 
Doty, et al. ( Proc. Nat. Acad. Sci. USA 46:461 , 1960) have been followed by the refinement of 
this process into an essential tool of modem biology. "Hybridization" also refers to the 
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"binding" or "pairing" of complementary nucleic acid bases in a single-stranded nucleic acid, 
PNA, or linked nucleic acid-PNA affinity molecule with a single-stranded nucleic acid analyte, 
which occurs according to base pairing rules (e.g., adenine pairs with thymine or uracil and 
guanine pairs with cytosine). Those with skill in the art will be able to develop and make 
conditions which comprise binding conditions or hybridization conditions for particular nucleic 
acid analytes of an assay. In developing and making binding conditions for particular nucleic 
acid analytes analyte-binding substances, as well as in developing and making hybridization 
conditions for particular emalytes and capture probes, certain additives can be added in the 
hybridization solution. By way of example, but not of limitation, dextran sulfate or polyethylene 
glycol can be added to accelerate the rate of hybridization (e.g.. Chapter 9, Sambrook, et al.. 
Molecular Cloning: A Laboratory Manual, 2nd Edition, Cold Spring Harbor Laboratory Press, 
1989), or betaine can be added to the hybridization solution to eliminate the dependence of Tm 
on basepair composition (Rees, W. A., et al.. Biochemistry 32:137-144, 1993). 
[00618] The terms "degree of homology" or "degree of complementarity" are used to refer 
to the extent or fi-equency at which the nucleic acid bases on one strand (e.g., of the affinity 
molecule) are "complementary with" or "able to pair" with the nucleic acid bases on the other 
strand (e.g., the analyte). Complementarity may be "partial," meaning only some of the nucleic 
acid bases are matched according to base pairing rules, or complementarity may be "complete" 
or "total." The length (i.e., the number of nucleic acid bases comprising the nucleic acid and/or 
PNA affinity molecule and the nucleic acid analyte), and the degree of "homology" or 
"complementarity" between the affinity molecule and the analyte have significant effects on the 
efficiency and strength of binding or hybridization when the nucleic acid bases on the affinity 
molecule are maximally "bound" or "hybridized" to the nucleic acid bases on the analyte. The 
terms "melting temperature" or "Tm" are used as an indication of the degree of complementarity. 
The Tm is the temperature at which a population of double-stranded nucleic acid molecules 
becomes half dissociated into single strands under defined conditions. Based on the assumption 
that a nucleic acid molecule that is used in hybridization will be approximately completely 
homologous or complementary to a target polynucleotide, equations have been developed for 
estimating the Tm for a given single-stranded sequence that is hybridized or "annealed" to a 
complementary sequence. For example, a common equation used in the art for 
oligodeoxynucleotides is: Tm =81.5° C + 0.41 (%G+C) when the nucleic acid is in an aqueous 
solution containing 1 M NaCl (see e.g., Anderson and Young, Quantitative Filter Hybridization, 
in Nucleic Acid Hybridization, 1985). Other more sophisticated equations available for nucleic 
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acids take nearest neighbor and other structural effects into account for calculation of the Tm. 
Binding is generally stronger for PNA affinity molecules than for nucleic acid affinity 
molecules. For example the Tm of 10-mer homothymidine PNA binding to its complementary 
lO-mer homoadenosine DNA is 73° C, whereas the Tm for the corresponding 10-mer 
homothymidine DNA to the same complementary 10-mer homoadenosine DNA is only 23° C. 
Equations for calculating the Tm for a nucleic acid are not appropriate for PNA. Preferably, a Tm 
that is calculated using an equation in the art, is checked empirically and the hybridization or 
binding conditions are adjusted by empirically raising or lowering the stringency of 
hybridization as appropriate for a particular assay. As used herein the term "stringency" is used 
in reference to the conditions of temperature, ionic strength, and the presence of other 
compounds, under which nucleic acid hybridizations are conducted. With "high stringency" 
conditions, nucleic acid base pairing will occur only between nucleic acid fi-agments that have a 
high frequency of complementary base sequences. Thus, conditions of "weak" or "low" 
stringency are often required when it is desired that nucleic acids that are not completely 
complementary to one another be hybridized or annealed together. 

[00619] With regard to complementarity, it is important for some assays of the invention 
to determine whether the hybridization represents complete or partial complementarity. For 
example, where it is desired to detect simply the presence or absence of pathogen DNA (such as 
from a virus, bacterium, fungi, mycoplasma,'^protozoan), it is only important that the 
hybridization method ensures hybridization when the relevant sequence is present. In those 
embodiments of the invention, conditions can be selected where both partially complementary 
probes and completely complementary probes will hybridize. 

2. Signal Sequences for Use in Signaling Systems 

[00620] The methods for using RNA polymerases of the invention as a signaling system 
are also not limited to the signal sequences, which can vary greatly. By way of example, but not 
of limitation, a signal sequence can comprise a substrate for Q-beta replicase, which is 
detectable in the presence of the replicase under replication conditions. It can also comprise a 
sequence that encodes a protein, such as green fluorescent protein, that is detectable following 
translation of the signal sequence. Without limitation, it can also comprise a sequence that is 
detectable by a probe, such as, but not limited to a molecular beacon, as described by Tyagi et al. 
(U.S. Patents Nos. 5,925,517 and 6,103,476 of Tyagi etal. and 6,461,817 of AUand et al-, all of 
which are incorporated herein by reference). 
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IX. EXAMPLES 

[00621] The following examples are included to demonstrate preferred embodiments of 
the invention. It should be appreciated by those of skill in the art that the techniques disclosed in 
the examples which follow represent techniques discovered by the inventor to function well in 
the practice of the invention, and thus can be considered to constitute preferred modes for its 
practice. However, those of skill in the art should, in light of the present disclosure, appreciate 
that many changes can be made in the specific embodiments which are disclosed and still obtain 
a like or similar result without departing fi'om the spirit and scope of the invention. 

Example 1 

Identification of a Transcriptionally Active Domain of N4 Virion RNA Polymerase 

[00622] To determine the minimal domain possessing RNA polymerase activity, 
controlled proteolysis was perfomied followed by catalytic (transcriptional) autolabeling 
(Hartmann, et al., 1988). Upon incubation of RNA polymerase with a benzaldehyde derivative 
of the initiating nucleotide, the benzaldehyde group forms a Schiff-base with the 6 -amino group 
of lysines located within 12 A of the nucleotide-binding site. The crosslinking step was 
performed in the presence of DNA template because it stimulates binding of the initiating 
nucleotide. The unstable Schiff-base is converted to a stable secondary amine by reduction 
under mild conditions with sodium borohydride, with concomitant reduction of any non-reacted 
benzaldehyde derivative. Addition of the next template-directed a-^^P labeled NTP leads to 
phosphodiester bond formation and catalytic autolabeling of the transcriptionally active 
polypeptide. Controlled trypsin proteolysis of vRNAP was performed, followed by catalytic 
autolabeling and analysis on SDS-PAGE (FIG. 3A). Initially, three proteolytic fi-agments are 
generated, of which the smaller two are catalytically active. Upon further incubation with 
trypsin, a single stable, transcriptionally active product approximately 1,100 amino acids in 
length remains. N-terminal sequencing of the three initial proteolytic fragments (FIG. 3B) 
indicated that the stable active polypeptide (mini-vRNAP) corresponds to the middle 1/3 of 
vRNAP, the region containing the three motifs described above (FIG. 2A, SEQ ID NOS:3-4). 

Example 2 

Cloning and Purification of N4 mini-vRNAP 

[00623] The fiill-size vRNAP and the mini-vRNAP (SEQ ID NOS:6 and 15) ORFs were 

cloned under pBAD control with an N-terminal hexahistidine tag (FIG. 4). The mini-vRNAP 
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domain was cloned into the pBAD B expression plasmid, which was purchased from Invitrogen. 
Five restriction enzyme sites within pBAD B have been altered; the Snal site was converted to a 
Hpal site, and the PflMI and EcoRV sites were destroyed, all by site-directed mutagenesis. The 
BstBI and Hindlll sites were destroyed by enzyme digestion followed by Klenow treatment and 
re-ligation. FIG. 5 (left) shows the relative amounts of full-length and mini-vRNAP proteins 
purified on TALON columns from the same volume of E, coli BL21 induced cells. Cloned 
mini-vRNAP is expressed at 100-fold higher levels thein cloned full size vRNAP. Further 
concentration on a MonoQ column reveals that, in contrast to full size vRNAP, mini-vRNAP is 
stable after induction (FIG. 5, right). At least 10 mg of mini-vRNAP at a 20 mg/ml 
concentration are obtained from 1 L of induced cells in just two purification steps: TALON and 
MonoQ minicolumns. A non-histagged version of mini-vRNAP has also been cloned (SEQ ID 
NO:4). In this case, the enzyme is purified from a crude extract of induced cells in two steps: a 
promoter DNA-affinity column and MonoQ. 

[00624] Mini-vRNAP possesses a high binding affinity (Kd=l nM) for N4 promoter- 
containing DNA oligonucleotides. This property was used for purification of non-his tagged 
mini-vRNAP (SEQ ID NO:4) on a DNA-affinity column. The column was prepared by 
adsorbing a 5' biotinylated N4 promoter-containing DNA oligonucleotide onto the matrix of a 1 
ml HiTrap Streptavidin column (Pharmacia^ Amersham Cat.# 17-51 12-01) according to the 
manufacturer's instructions. A debris-free sonicate of bacterial cells expressing mini-vRNAP 
was passed through the column. To bind mini vRNAP to the DNA-affinity column, the pH in 
the extract and binding/washing buffer should be between 5 to 9, and the NaCl concentration 
should be between 50 mM and 2M. Nucleases in the extract are inhibited by addition of 2 mM 
EDTA. After washing the column, mini-vRNAP was eluted with warm (25° C) water; the 
elution temperature was raised from 4*^ C to 25*^ C to increase mini-vRNAP recovery. For 
complete elution, the temperature can be raised up to 43*^ C without significant change in the 
quality of the preparation. Elution under these conditions occurs due to the removal of metal 
ions and consequent melting of the promoter hairpin and dissociation of mini-vRNAP. Different 
DNA oligonucleotides containing variants of the P2 promoter (SEQ ID NOS:16-19), were used 
in DNA-affinity columns and tested in mini-vRNAP affinity purification. The best yield was 
achieved using the DNA oligonucleotide of SEQ ID NO: 16. However, the DNA 
oligonucleotides of SEQ ID NOS: 19-20 require a lower temperature than the DNA 
oligonucleotide of SEQ ED NO: 16 for complete elution of the protein, in agreement with the 
lower thermal stability of the respective promoter hairpins, 
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[00625] Up to 1 mg of mini-vRNAP of 90% purity is obtained from a crude extract of 100 
ml E. coli culture expressing mini-vRNAP in a single purification step using a 1 ml DNA- 
affinity column. The binding capacity of the DNA-affinity column was not detectably decreased 
by multiple use. 

Example 3 

Effect of EcoSSB on Transcription of Single-Stranded Templates 

[00626] Inventors have previously shown that EcoSSB is required for N4 vRNAP 
transcription in vivo (Glucksmann, et al.. Cell 70:491-500, 1992). EcoSSB is unique in that, 
unlike other SSBs whose effect on vRNAP transcription was tested, it does not melt the 
promoter hairpin structure (Glucksmann-Kuis, et al., Cell 84:147-154, 1996). Recently, 
inventors have reinvestigated the effect of EcoSSB on vRNAP transcription of single-stranded 
templates. FIG. 6 shows transcription in the absence and presence of Eco SSB at three different 
ssDNA template concentrations. The extent of EcoSSB activation is template-concentration 
dependent, with highest activation at low DNA template concentration. These results suggest 
that EcoSSB overcomes template limitation on ssDNA templates. 

[00627] To further explore this hypothesis, the effect of addition of template or EcoSSB 
to transcription reactions after 20 min incubation in the absence of EcoSSB was tested. The 
transcription reaction mixtures (5-50 /il) contained 20 mM Tris-HCl (pH 7.9 at 25"^ C), 10 mM 
MgCl2, 50 mM NaCl, 1 mM dithiothreitol, 0.01-1 /xM mini-vRNAP, 1-100 nM ssDNA template 
(30-100 nt long, synthesized by Integrated DNA Technologies), 1 mM each of 3 non-labeled 
NTPs, 0.1 mM a-^^P NTP (1-2 Ci/mmol, NEN), and 1-10 /xM E. coli SSB. Incubation was for 1 
to 80 min at 37° C at the indicated temperature. In the presence of EcoSSB, RNA synthesis 
increased linearly throughout the period of incubation (FIG. 7C). In the absence of EcoSSB, no 
increase in transcription was observed beyond 10 min of incubation (FIG. 7 A). Addition of 
template at 20 min to the reaction carried out in the absence of EcoSSB led to a dramatic 
increase in RNA synthesis (FIG. 7B). Addition of EcoSSB at 20 min led to a slow rate of 
transcriptional recovery (FIG. 7D). These results suggest that EcoSSB converts the template 
from a transcriptionally inactive RNA:DNA hybrid to transcriptionally active single-stranded 
DNA. 

[00628] To test this hypothesis, the physical states of the DNA template and the RNA 
product were analyzed by native gel electrophoresis in the absence and in the presence of 
EcoSSB. In order to have effective transcription in the absence of EcoSSB, transcription was 
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performed at an intermediate (5 nM) DNA concentration, at which only a 2-fold effect of 
EcoSSB is observed. 

[00629] The results of this experiment are shown in FIG. 8. Either ^^P-labeled template 
(right panel) or labeled NTPs (left panel) were used to analyze the state of the template (right 
panel) or RNA product (left panel) in the absence or presence of EcoSSB. After transcription, 
the mixtures were split ftirther into 3 samples: a control sample with no additions, a sample to 
which RNase H was added to specifically degrade RNA in RNA:DNA hybrids, and a third 
sample to which Nuclease SI was added to degrade single-stranded nucleic acids, hi the 
absence of EcoSSB, both the DNA template and the RNA product are in RNA:DNA hybrids, 
since the RNA product is RNase H sensitive while the DNA-containing bands show altered 
mobility after RNase H treatment. In the presence of EcoSSB, a significant portion of the RNA 
product is RNase H resistant and therefore fi'ee, although an RNase sensitive band is present that 
corresponds to an intermediate RNA:DNA:SSB complex. Under these conditions, the DNA is 
in an SSB:DNA complex. These results indicate that EcoSSB stimulates transcription through 
template recycling. 

[00630] To define regions of EcoSSB essential for vRNAP transcription activation on 
single-stranded templates, the inventors have tested the effect of human mitochondrial SSB 
(HmtSSB), which shows extensive sequence and structural homology to EcoSSB. The N- 
terminus of EcoSSB contains DNA binding and tetramerization determinants while the C- 
terminus is involved in interaction with other replication proteins. Hmt SSB has no effect on 
vRNAP transcription although it does not melt the promoter hairpin. Interestingly, preliminary 
results using mutant EcoSSBs and EcoSSB-Hmt SSB chimeras suggest that the C-terminal 
region of EcoSSB is essential for vRNAP transcriptional activation. 

Example 4 

Characterization of mini-vRNAP Transcription Properties 

[00631] The initiation properties of the fiiU length RNA polymerase and mini-vRNAP 
were compared at similar molar concentrations (FIG. 9A) using the catalytic autolabeling assay 
and two reaction conditions: 1- using a template containing -MC, the benzaldehyde derivative of 
GTP and c^^P-ATP, or 2- a template containing -MT, the benzaldehyde derivative of ATP and 
or^^P-GTP. Comparison of the results in FIGS. 9B and 9C demonstrates that mini-vRNAP 
exhibits initiation properties similar to fiiU-length vRNAP. In addition, both enzymes 
discriminate against dATP incorporation to the same extent. Mini-vRNAP does not synthesize 

-162- 

QBMAD\367390.1 



abortive products when the first four nucleotides of the transcript are comprised of 50% or more 
G or C nucleotides. 

[00632] The elongation and termination properties of both enzymes are compared in FIG. 
10. Similar run-off and terminated transcripts are synthesized. Moreover, EcoSSB activates 
transcription by both enzymes to the same levels. This result indicates that, if there are any sites 
of specific contact between vRNAP and EcoSSB, they reside in the mini-vRNAP domain. 
[00633] The sequence of the terminator signals for vRNAP present in the N4 genome 
include SEQ ID NOS:21-26. The signals of SEQ ID NO:21 and 22 have been tested in vitro on 
single-stranded templates. 

[00634] The rate of mini-vRNAP transcription has been compared to the rate of T7 RNA 
polymerase under the same conditions using the same DNA template. The template used was 
linearized pETl 1 containing the original T7 promoter and the N4 vRNAP P2 promoter that was 
introduced through cloning. The DNA template was denatured before performing transcription 
using N4 mini-vRNAP. The concentrations of T7 RNAP (Promega, Cat.#P2075) and mini- 
vRNAP were compared using SDS-PAGE. Transcription reactions contained 50 nM of 
polymerase, 100 nM of DNA template, 5 x transcription buffer provided with the T7 RNAP, and 
1 mM of each ATP, GTP and CTP and 0.1 mM of UTP (1 Ci/nmiol). Each reaction 
mixture was split in two, and E, coli SSB was added to one half The mixtures were incubated 
at 37^ C and aliquots were taken at different time points. Transcription products were 
electrophoresed on a 6% sequencing gel and the amount of radioactively-labeled RNA was 
quantitated by phosphoimaging. The results showed that: (a) transcription of T7 RNAP was not 
affected by the presence of E. coli SSB and (b) N4 mini-vRNAP synthesized 1.5 to 5 fold more 
RNA in the presence of EcoSSB than T7 RNAP at different time points of incubation. 
[00635] The optimal temperature for mini-vRNAP transcription is 37'' C It exhibits 70% 
activity at 30^ C, 65% at 45° C, and only 20% at 50° C. 

[00636] The average error frequency was estimated by determining the misincorporation 
frequency of each of four [^^P]-aNTPs into RNA products using template ssDNAs missing the 
corresponding template nucleotide in the transcribed region. The following values were 
obtained: 1/5 x 10"* for misincorporation of G and U using "no C" (SEQ ID NO:10) and "no A" 
(SEQ ID NO:l 1) ssDNA templates, respectively; 1/4x10"* for misincorporation of C using the 
"no G" (SEQ ID NO: 1 2) template, and 1/2 x. 10"* for misincorporation of A using the "no T" 
(SEQ ID NO: 13) template. For comparison, the average error frequency for T7 RNAP is 1/2 x 
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10"* (Huang, et al., 2000). Using the method for detection of mispair formation described by 
Huang, et al. (2000), no misincorporation by mini-vRNAP was detected. 

[00637] The ability of mini-vRNAP to incorporate derivatized nucleotides was measured. 
Transcription by mini-vRNAP in the presence of 0.1-1 mM Digoxigenin-1 1-UTP (cat# 
1209256, Roche), Biotin-16-UTP (cat# 1388908, Roche) or underivatized UTP, yielded 
comparable amounts of product RNA using "control" ssDNA (SEQ ID NO:9) as a transcription 
template. The product RNAs synthesized in the presence of derivatized UTP have higher 
molecular mass than those synthesized in the presence of underivatized UTP, and the difference 
corresponds to the mass difference of the UTPs used. Several derivatives (i.e. 2Tluoro- 
ribonucleoside triphosphates, dideoxynucleoside triphosphates) are being tested. The 
fluorescent analog Fluorescein- 12-UTP (Roche catalog #1427857) has been tested using a 
template which encodes a 51 nucleotide transcript containing a run of 4 Us, and a nucleotide mix 
containing ATP, CTP, GTP and Fluorescein- 12-UTP only. Transcription was only 3% of that 
achieved with UTP, biotin-6-UTP or digoxigenin-1 1-UTP under the same reaction conditions. 
However, incorporation of the fluorescent analog at higher yields is expected to occur in the 
presence of underiviatized UTP or on templates with other sequence compositions. 

Example 5 

Sequence Determinants of mini-vRNAP Promoter Binding 

[00638] The three N4 early promoters present in the N4 genome contain a pair of Cs 
separated by 4 nucleotides from the base of the 5 bp promoter stem. In the preferred promoter 
P2, these 4 bases are As and the Cs are followed by a T. Preferably, mini-vRNAP uses a 17 
nucleotide promoter sequence located immediately upstream of the transcription initiation site. 
Promoters for N4 vRNA polymerase are described by Haynes et al.. Cell 41 :597-605 (1985) and 
Dai et al.. Genes Devepmnt. 12:2782-2790 (1998), herein incorporated by reference. vRNAP- 
promoter recognition and activity require specific sequences and a hairpin structure on the 
template strand. The vRNAP promoters of SEQ ID NOS:27-29 assume a hairpin structure 
comprised of a 5-7 bp stem and 3 b purine-containing loop. The -11 position corresponds to the 
center of the loop; +1 indicates the transcription start site. Thus, promoter sequences of the 
invention include, but are not limited to: 

[00639] -1 1 +1 PI 3'-CAACGAAGCGTTGAATACCT-5' SEQ ID NO:27 
[00640] -11 +1 P2 3'-TTCTTCGAGGCGAAGAAAACCT-5' SEQ ID NO:28, and 
[00641] -1 1 +1 P3 3'-CGACGAGGCGTCGAAAACCA-5' SEQ ID NO:29 
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[00642] Other possible vRNAP promoters of the current invention include a set of any 
inverted repeats forming a hairpin with a 2-7 bp long stem and 3-5 b loop having purines in the 
central and/or next to the central position of the loop. 

[00643] To study the sequence determinants of promoter binding, 20 base-long promoter 
oligonucleotides, containing the wild-type vRNAP promoter P2 sequence and substituted at 
every position with a single 5-Iodo-dU, were used. Whenever substitutions were made in the 
stem, the corresponding pairing base was changed to A. These oligonucleotides were P end- 
labeled and used to determine the enzyme's affinity for promoter DNAs by a filter binding assay 
and the ability to crosslink to mini-vRNAP upon UV irradiation at 320 nm. A 20-base 
oligonucleotide with wild type promoter P2 sequence binds with a 1 nM Kd. Most 
oligonucleotides showed close to wild type affinity except for the oligonucleotides substituted at 
positions -1 1 (at the center of the loop) and -8, indicating that these positions are essential for 
promoter recognition (FIG. 11). Surprisingly, UV crosslinking was most effective at position - 
1 1, in spite of the low binding affinity, indicating a specific contact at this position to mini- 
vRNAP. Crosslinking was also observed to positions +1, 4-2 and +3, indicating non-specific 
contacts with this region of the template, since 5-Iodo-dU substituted oligonucleotides at these 
positions showed wild-type binding affinity. 

[00644] The effect of changes in the stem length of the hairpin on the ability of mini- 
vRNAP to bind P2 promoter DNA was analyzed. As shown above, wild type promoter P2 with 
a 5 bp stem has a Kd of 1 nM (FIG, 12, top). The stem was shortened by removal of 3' bases as 
shown in FIG. 12 (left). The stem can be shortened by two base pairs without change in the 
binding affinity. If two or one loop-closing base pairs remain, the binding affinity of templates 
is still substantial (2-10 nM). This result, although surprising, is not unexpected since it has 
been shown that the oligonucleotide 3'd(CGAGGCG)5' forms an unusually stable minihairpin 
(Yoshizawa, et al.. Biochemistry 36, 4761-4767, 1997). No binding is observed if one more 
nucleotide is removed and the loop cannot form. These results indicate that formation of a loop 
is essential for vRNAP-promoter recognition. 

[00645] The effect of lengthening the stem by addition of 3' bases is shown in FIG. 12 
(right). The stem can be lengthened by two base pairs without change in the binding affinity. 
On the other hand, base pairing at -2 reduces binding affinity by two orders of magnitude, with a 
further one order of magnitude reduction caused by base pairing at -1 and +1 . These results 
indicate that single-strandedness of the template at positions -2, -1 and +1 is required for 
efficient template binding. 
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[00646] All three N4 early promoters present in the N4 genome contain a pair of Cs 
separated by 4 nucleotides from the base of the 5 bp promoter stem. In promoter P2, these 4 
bases are As and the Cs are followed by a T. To identify the determinants of the site of 
transcription initiation, a series of templates were constructed with a single C placed at different 
distances from position -1 1 of the hairpin by addition or deletion of the tract of As present at 
promoter P2 (FIG. 13). The affinity of mini-vRNAP for these promoters was measured by filter 
binding and transcription initiation was measured by catalytic autolabeling of mini-vRNAP. All 
templates showed similar binding affinities. However, only the template with a C positioned 12 
bases downstream from the center of the hairpin was able to support transcription initiation. 
This result indicates that mini-vRNAP utilizes this position as the transcription start site (+1). 

Example 6 

Identification of Sequence Motifs Essential for mini-vRNAP Activity 

[00647] As shown in FIG. 2A, vRNAP contains the sequence RxsKxeYG, designated 
Motif B in the Pol I and Pol ocDNA polymerases and the T7-like RNA polymerases. To 
determine the relevance of this motif to vRNAP activity, two mutants K670A and Y678F (SEQ 
ED NO: 8) (position numbers in mini-vRNAP) were constructed by site-specific mutagenesis of 
mini-vRNAP. These two positions were chosen because, in T7-like RNA polymerases, the 
lysine is involved in nucleotide binding and the tyrosine in discrimination against 
deoxynucleoside triphosphates (Maksimova, ctal,, Eur. J Biochem. 195:841-847, 1991; Bonner, 
et al., EMBO J. 1 1 :3767-3775, 1992; Osumi-Davis, et al., J. Mol Biol. 226:37-45, 1992). The 
His-tagged Y678F mini-vRNAP gene (SEQ ID NO:7) differs fi-om that of the mini-vRNAP 
domain sequence (SEQ ID NO:3) at two positions: nucleotide 2033 (A) was changed to a T, 
and nucleotide 2034 (T) was changed to a C. 

[00648] These RNA polymerase mutants were cloned xmder pBAD control, purified and 
tested for their ability to bind to wild type promoters. Both mutant polymerases bound to 
promoter DNA with wild type affinities and crosslinked to 5-Iodo-dU substituted P2 DNA 
templates at positions -11 and +3 with wild-type affinities (FIG. 14), indicating that these 
mutations do not affect promoter binding. 

[00649] The mutant enzymes were tested for their abihty to support run-off transcription. 
The wild-type enzyme and Y678F enzyme (SEQ ID NO: 8) displayed similar activities at both 
template excess and template-limiting conditions, while the K670A enzyme exhibited decreased 
activity under both conditions (FIG. 15). Under limiting template conditions, all three enzymes 
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were activated by Eco SSB (right panel). However, the Y678F enzyme showed reduced 
discrimination between ribo- and deoxyribonucleoside triphosphates. 
[00650] The initiation properties of the three enzymes were compared using catalytic 
autolabeling (FIG. 16). The K670A enzyme displays significantly reduced activity with the 
GTP derivative. The Y678F enzyme, in contrast to wild-type polymerase, incorporates dATP as 
efficiently as rATP in a single round of phosphodiester bond formation. 

[00651] Therefore, the behavior of the K670A and Y678F mutant enzymes indicates that 
Motif B is involved in catalysis, with the lysine probably required for NTP binding and the 
tyrosine responsible for dNTP discrimination. These results suggest that, despite its lack of 
extensive sequence similarity, vRNAP is a Class II T7-like UNA polymerase. Results of recent 
experiments revealed the location of the two carboxylates (aspartates) involved in catalysis. 

Example 7 

Development of an In Vivo System Using Mini-vRNAP and N4 vRNAP Promoters for in vivo 

Expression of RNAs and Proteins 

[00652] Plasmid templates were constructed with a reporter gene (a-peptide of jS- 
galactosidase) cloned xmder the control of vRNAP promoter P2 present in either of two 
orientations (FIG. 17B). The reporter construct was generated by cloning a cassette into plasmid 
pACYC177, which was obtained fi-om New England Biolabs. The cassette contains an 
approximately 30 bp long fragment originating fi-om pT7Ac (purchased fi-om United States 
Biochemical), a N4 promoter, and sequence encoding the alpha fragment of lacZ (lacZ'). The 
N4 promoter and lacZ* were generated by oligonucleotide annealing and PCR amplification, 
respectively. This cassette replaces the pACY177 sequence located between the cleavage sites 
for restriction enzymes ApaLI and BamHI. These reporter plasmids and recombinant fiiU-length 
or mini-vRNAP expressing plasmids were introduced into E. coli DH5a (AM 15), a strain that 
encodes the )S-galactosidase 5-peptide. Expression of the reporter gene a-peptide) in this strain 
results in the synthesis of active jS-galactosidase and consequent production of blue colonies on 
X-gal plates. Transcription of of-peptide by fiiU-length and mini-vRNAP was assayed on 
inducing-Xgal media and shown in FIG. 17A. Induction of fiiU-length polymerase results in 
small colonies with no )S-galactosidase activity. This is not surprising since fijU-length vRNAP 
is degraded in these cells (FIG. 17C). In contrast, induction of mini-vRNAP led to detectable 
levels of the protein (FIG. 17C) and to /?-galactosidase activity only from the plasmid containing 
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promoter P2 in the proper orientation (FIG. 17A). These results indicate that this system will be 
suitable for in vivo expression of RNAs and proteins under mini-N4 vRNAP promoter control. 

Example 8 

Rolling Circle Transcription of Model ssDNA Transcription Substrates 

[00653] Each oligonucleotides (50 picomoles), comprising a sense P2 promoter sequence 
(or, in control reactions, an anti-sense sequence to the P2 promoter or no promoter) at its 5*-end, 
which was phosphorylated, and up to 52 additional nucleotides corresponding to a model target 
sequence (e.g., for the human beta actin gene) in its 3 -portion, was ligated in a reaction mixture 
containing 0.2 mM ATP, 1 mM DTT, and 50 micrograms per ml of BSA for 2 hours at 60° C 
using 200 units of ThermoPhage™ RNA Ligase II (Prokaria, Rejkjavik, Iceland, #Rligl22) in 
IX ThermoPhage RNA Ligase II Buffer comprising 50 mM MOPS, pH 7.5, 5 mM MgC12, and 
10 mM KCl. Then, linear oligos were removed by digestion with Exonuclease I (EPICENTRE 
Technologies, Madison, WI), the Exo I was heat-inactivated, and the circular ssDNA oligos 
were ethanol precipitated using standard techniques, 

[00654] One picomole of circular ssDNA oligonucleotide, prepared as just described, was 
then incubated for four hours at 31^ C in a 60-microliter reaction mixture comprising one 
microgram of mini-vRNAP (EPICENTRE), 1 mM each NTP, 1 mM DTT, and 5 micromolar ^. 
colt SSB Protein (EPICENTRE), in IX Transcription Buffer comprising 40 mM Tris HCl, pH 
7.5, 10 mM NaCl, 6 mM MgC12, and 1 mM spermidine. The resulting mini-vRNAP 
transcription products were then analyzed by electrophoresis in a 1% agarose gel containing 0.22 
M formaldehyde. Transcription products, including products having a length many- fold greater 
than the starting oligonucleotide, were observed on the the gel, indicating efficient rolling circle 
transcription. No transcription products were observed if the oligo did not contain a P2 
promoter, if an anti-sense sequence to the P2 promoter was used instead of the sense P2 
promoter, or if an unligated linear oligo with a sense P2 promoter was used. 

Example 9 

Use of a Random Hexamer Promoter Primer to Obtain a Circular ssDNA Transcription 
Substrate for Making Transcription Product Corresponding to a Target Nucleic Acid Sequence 

Comprising mRNA 

[00655] Messenger RNA is obtained from a sample using techniques known in the art for 

isolating polyadenylated RNA. A suitable amount of mRNA, such as about 1-10 micrograms of 

mRNA, is then used for reverse transcription using MMLV reverse transcriptase (EPICENTRE) 
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and a large excess of a random hexamer promoter primer comprising a P2 sense promoter in its 
5 -portion, which is phosphorylated at the 5 -end, and a random hexamer sequence at its 3 -end. 
Following reverse transcription according to the directions supplied with the MMLV reverse 
transcriptase, the resulting first-strand cDNA is treated with E, coli RNase H (EPICENTRE) to 
digest the RNA, the RNaseH is inactivated with heat, and the first-strand cDNA is purified and 
ethanol precipitated. Then, the first-strand cDNA is circularized using ThermoPhage™ RNA 
Ligase II (Prokaria) as described in Example 8. Preferably, circular ssDNA molecules are 
obtained which comprise from 20 to about 200 nucleotides of cDNA complementary to the 
target mRNA, which is operably joined to the P2 promoter. 

[00656] In vitro transcription of the resulting circular ssDNA molecules, which comprise 
circular ssDNA transcription substrates of the invention, as described in Example 8, yields 
transcription products corresponding to the mRNA in the sample. In some transcription 
reactions, an inorganic pyrophosphatase and high NTP concentrations are used to increase the 
yield of transcription product obtained. The concentrations of N4 mini-vRNAP enzyme, NTPs 
and pyrophosphatase can be titrated to determine the levels of each component that results in 
maximum yield of transcription product. 

[00657] All of the methods disclosed and claimed herein can be made and executed 
without undue experimentation in light of the present disclosure. While the compositions and 
methods of this invention have been described in terms of preferred embodiments, it will be 
apparent to those of skill in the art that variations may be applied to the methods and in the steps 
or in the sequence of steps of the method described herein without departing from the concept, 
spirit and scope of the invention. More specifically, it will be apparent that certain agents which 
are both chemically and physiologically related may be substituted for the agents described 
herein while the same or similar results would be achieved. All such similar substitutes and 
modifications apparent to those skilled in the art are deemed to be within the spirit, scope and 
concept of the invention as defined by the appended claims. 

[00658] All publications and patent applications cited in this specification are herein 
incorporated by reference as if each individual publication or patent application were 
specifically and individually indicated to be incorporated by reference. 

[00659] Although the foregoing invention has been described in some detail by way of 
illustration and example for purposes of clarity of understanding, it will be readily apparent to 
those of ordinary skill in the art in light of the teachings of this invention that certain changes 



QBMAD\367390.1 



-169- 



and modifications may be made thereto without departing from the spirit or scope of the 
appended claims. 
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